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I. INTRODUCTION

This report presents information relative to water quality
and water quality management in the Middle Yellowstone River
Basin (Plate I). This is the middle segment of the total
Yellowstone Basin and is one of sixteen basins designated
by the State of Montana for preparation of water quality
management plans. The Federal Water Pollution Control Act
Amendments of 1972 (PL 92-500) have directed states to
prepare such plans as part of a nationwide program for
controlling water pollution. This act states that not later
than July 1, 1977, effluent limitations for point sources,
other than publicly owned treatment works, shall require
the application of best practical control technology
available. For publicly owned treatment works in existence
on July 1, 1977, effluent limitation will be based on
secondary treatment.

The objectives of this effort are to provide the state with
water quality data and related information to (1) determine
the water quality characteristics of all natural and waste
waters, (2) determine what factors both natural and man-made
effect the quality of waters, (3) develop a management
strategy for maintaining and enhancing the quality of waters
in the Middle Yellowstone Basin, and (4) provide information
needed to determine whether Montana's water quality standards
are and will continue to be met. Also included is a
description of physical characteristics of the basin.

The general methodology used in this study was the
compilation and evaluation of existing water quality data
and related information. Where data and information was
deficient, field investigations and water and wastewater
sampling and analysis were completed to obtain the needed
information

.

This investigation does not present a detailed analysis
of the areas' resources, but summarizes water quality
related information. As additional information becomes
available, the Middle Yellowstone River Basin Water Quality
Management Plan will be revised and updated as part of
Montana's continuing planning process.

Assistance in obtaining information for this report was
obtained from a number of agencies and persons. The Depart-
ment of Natural Resources provided information on land use,
water use, economy and population. The U. S. D. A. Soil
Conservation Service provided information on soils and
irrigation

.

- 1 -
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II. RliLATED INVESTIGATIONS AND PLANS

BASIN-WIDE WATER QUALITY RELATED STUDIES

The Department of Natural Resources, Energy Planning
Division, is conducting an environmental impact study of
the proposed electric generating units 3 and 4 at Colstrip
Contracts for technical assistance in this study have been'
awarded to various state and federal agencies. The following
agencies have been awarded contracts to study water quality
or water quality related resources. The water quality
assessment for both surface and groundwater was conducted
by the Montana State Department of Health and Environmental
Sciences, Water Quality Bureau. The fisheries biology studyalong with benthic invertebrate surveys are being conducted
by the Montana Fish and Game Department. The Energy
Planning Division has contracted the Montana State Departmentof Intergovernmental Relations to determine the additional
needs for municipal water and sewer facilities in the
Colstrip area. Dr. Gordon of the University of Montana
IS examining rainfall chemistry and predicting the impact of
t>U 2 and water vapor emissions in the Colstrip area. TheMissouri Basin Comprehensive Framework Study (Ref. 20 )broadly described water quality and related resources of theentire Upper Missouri River Basin of which the Middle Yellow-stone River Basin is a portion. The North Central PowerStudy (Ref. 13) was a broad planning effort directed at coaldevelopment. It discussed energy distribution, coal resourcesand pollution in southeastern Montana as part of the FortUnion and Powder River basin formations.

This has been followed by an ongoing program of theNorthern Great Plains Resource Program (NGPRP) . It is theaim of the Water Quality Subgroup of the NGPRP to providein part, alternative methods of development of water re-
'

sources in southeastern Montana. The NGPRP has contractedwith federal and state agencies for the collection ofadditional water quality related data that the subgroup feltwas needed to achieve their goal. The U. S. GeologicalSurvey, Water Resources Division, has received funding from
^^source Program to set up severalater quality monitoring stations within the Middle Yellow-stone River Basin. The Northern Great Plains Resource

University of Montana to

bio?Li^!i
in-stream flow variations on associatedDioiogical activity.

Agencies
Wate^^nf.a?!

information for the NGPRP
Environmental Protect!

g ncy (EPA)
, the U. S. Bureau of Sport Fisheries and Wild-

on

- 3 -
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life (BSP W)
, and the U. S. Bureau of Reclamation (BuRec)

Their input into the NGPRP is one of assessment only; the
actual data collected is contracted out to other federal
and state agencies. Tishler and Shaw (members of the NGPRP)
are writing a report on water requirements of generating
facilities and spoil bank leaching.

Several additional studies are being completed by federal
agencies in the region. EPA funded a water quality related
study of Yellowtail Reservoir (Bighorn Lake) and the Bighorn
River (Ref. 16). They have also initiated a four-year
study of envirionmental effects caused by trace elements from
coal- fired, power stations. The Bureau of Land Management
(BLM) and the USGS in a joint effort are studying the water
quality of shallow wells in the Ashland area. The BSF § W
IS preparing part of an envirionmental impact statement for
the U. S. Bureau of Indian Affairs (BIA) for coal leases on
the Crow and Northern Cheyenne Indian Reservations. This is
in addition to their contribution to the NGPRP. In addition
to their input into the NGPRP, the BuRec published an aque-
duct study (Ref. 14) and a report on the resources of basins
in eastern Montana (Ref. 15). Within these reports the
water quality and related resources are broadly described forthe Middle Yellowstone Basin. The BuRec has initiated a
total water management study for the Yellowstone Basin. The
first phase of the study is an analysis of the effectiveness
ot existing water use within the basin. As a part of thisstudy, the Montana State Water Quality Bureau has been
contracted to do water quality analysis of water from
irrigation intakes on the Yellowstone River mainstem andseveral tributaries.

ihe BLM and the U. S. Forest Service (USFS) in an inter-agency project conducted a land use study of the Pryor
Mountains. This study pointed out the degradation of CrookedGreek by increased siltation caused by wild horse and cattlegrazing (Ref. 17, 22). The BLM and LfSFS are just finishinganother inter-agency project, "The Birney-Decker Resourcebtudy. This study was initiated as a result of federalleases for coal and other energy related developments in

wav ^ project is getting under-way. ihis project is an environmental impact study ofenergy related development on federal lands in the Colstriparea and on the proposed transmission lines from Colstripto the hot springs area near Broadview. Also, included intnis study is to be a discussion of the impact that

from energy availabilityfrom Chicago to Seattle. The final report of this study
e in the form of an environmental impact statement.
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The BIA has contracted with public and private groups for
water quality assessments of Indian reservations. These
assessments were made from existing data on surface and
groundwater and were used as inputs into the BIA's
environmental impact statements for coal leasing and related
energy development on both the Northern Cheyenne and Crow
Indian Reservations. The U. S. Department of Agriculture
through the Surface Environment and Mining (SEAM) Program
is also involved in water quality related studies within
the area. In addition, the National Commission on Water
Quality has selected a reach of the Yellowstone River for
detailed studies and mathematical modeling. The USGS
is a contractual agency. Many of the agencies listed
previously have contracts with the USGS for the collection
of data on surface water discharge and/or surface and ground-
water quality.

The Water Resources Division of the Montana State Department
of Natural Resources is currently developing a water
framework plan for Montana. The Middle Yellowstone Basin
will be included as part of this plan. They have contracted
with the USGS for water discharge monitoring. Several of
these sites are within the Middle Yellowstone Basin.

The Montana State Bureau of Mines and Geology is conducting
groundwater studies in the immediate Colstrip area of the
basin. Extensive sampling of wells and springs and of the
base flow of Armells and Sarpy Creeks also has been under-
taken. The Montana State Department of Lands has
initiated a study of saline seep problems in Montana.

The University of Montana at Missoula has proposed as a part
of their National Science Foundation, RANN grant application
(Research Applied to National Needs) a water resources
study which would include, in part, the Middle Yellowstone
Basin. This is in addition to their commitments with the
NGPRP and the Energy Planning Division of the Montana State
Department of Natural Resources and Conservation. Montana
State University at Bozeman is also involved in water quality
related studies in that portion of the basin around Colstrip.

Water quality monitoring is also being conducted by various
private industries with operations in the Middle Yellow-
stone Basin. Westmoreland Resources, a division of Morrison-
Knutson Construction Company; Western Energy, a subsidiary
of the Montana Power Company; Decker Coal Company, a
subsidiary _ of Peter Kiewit and Sons Construction Company,
Mining Division; and Peabody Coal Company, a subsidiary of
Kennecott Copper Corporation are the four companies
currently strip mining coal in the Middle Yellowstone River

- 5 -



Basin. They have contracted private firms for the testing
of surface and groundwater quality in their specific areas.

BASIN-WIDE WASTE TREATMENT MANAGEMENT PLANS

Tlic federal government established a grant program to
municipalities processed through the Montana State Department
of Health and Environmental Sciences. This grant program
provided the municipality with a percentage of the con-
struction costs needed to update or establish a community
sewage treatment facility including outfall and interceptor
sowers. Priorities for these grants were established by
the Montana State Department of Health and Environmental
Sciences using an allocation formula which follows federal
guidelines. The Community of Crow Agency is the only munic-
ipality in the Middle Yellowstone River Basin receiving a
grant under this program. Any construction grant for
sewage treatment facilities awarded after July 1, 1974,
will come under the new federal grant program, Section 201
of the 1972 Amendment to the Federal Water Pollution
Control Act. This requires that a municipality first submit
a facility plan. No municipality within the Middle Yellow-
stone River Basin has submitted such a plan. There have
been no area-wide waste treatment management plans in the
basin under Section 208 of the 1972 Amendment to the Act but
such plans are anticipated within the next several years.

At the present time several communities on the Crow and
Northern Cheyenne Indian Reservations have received con-
struction grants from the Public Health Service under PL
86-121 for water and sewer facilities. These monies are
being administered by the Indian Health Service. In
several of these communities and others which overlap
reservation boundaries or are municipalities on deeded land
adjacent to Indian housing developments, a coordinated effort
has been initiated by the Montana State Department of Health
and Environmental Sciences and the Indian Health Service
to serve the entire community by a single water and a
single sewer facility.

- 6 -
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nr. BASIN INIYSICAL CHARACTERISTICS

Tlie Middle Yellowstone Basin (Plate I and Figure I) is on
the western edge of the Great Plains. The basin is generally
an area of rolling hills with gentle to moderate relief. The
Bighorn Mountains spread into the southwest portion of the
basin giving that area a steep mountainous character. There
arc two portions of the Custer National Forest within the
basin. Both of these areas are of moderate mountain
terrain with numerous rimrocks and springs. Most of these
springs seep into the ground before reaching perennial
streams. There are two Indian reservations within the basin,
the (’row Indian Reservation and the Northern Cheyenne Indian
Reservation. The Middle Yellowstone Basin includes the
following Montana counties in the approximate percentages
1 is ted

:

Carbon County - 201
Yellowstone County - 67%
Treasure County - 100%
Garfield County - 2%
Powder River County - 30%

The basin has a total land area of about 10,600 square miles.

The Middle Yellowstone Basin includes the Yellowstone River
and all its tributaries from the confluence of Pryor Creek
at Huntley to the confluence of the Tongue River at Miles
City (Figure I and Plate I). The two major tribuaries to
the Yellowstone River in this reach are the Bighorn and
Tongue Rivers. The flow of both of these streams is regulated
by reservoirs in their upper drainage areas. Reservoirs in
Montana arc Ycllowtail on the Bighorn River and the Tongue
River Irrigation Reservoir on the Tongue River. Yellowtail
extcntls into Wyoming (Ref. 16, 19). The only other reservoir
ol any size, i.e., serving more than just stock watering or
occasional flood irrigating, is the Lodge Grass Storage
Reservoir on Willow Creek, which is a tributary of Lodge
Grass Creek. This reservoir is on the Crow Indian Reserva-
tion. There are six municipal waste dischargers in the
basin which are under or liable to be under state discharge
permits. Thirteen municipal discharges within the basin
are not under or liable to be under state discharge permits.
Five of these are communities on Indian reservations, four
are federal installations, and the remaining are non-discharg-
ing facilities. The nine federal dischargers are under or
liable to be under federal waste discharge permits. There
are five industrial discharges within the basin which are
under or liable to be under state permits, and one fish
hatchery liable to be under a federal waste discharge permit.

Big Horn County - 100%
Musselshell County - 5%
Rosebud County - 80%
Custer County - 35%

- 7 -
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There arc 45 water quality sampling sites set up in the
basin to obtain needed water quality data for the Middle
Yellowstone Water Quality Management Plan. The USGS (U. S.
Geological Survey) is monitoring 23 sites for flow within
t lu' basin and two more sites which border the basin and
(bus have applicable data. Of these 25 sites 16 are also
monitored for water quality. Thirty additional water quality
sampling sites were set up by the Montana Water Quality
Bureau as a result of the Colstrip generating plants study
for the Energy Planning Division of the Montana State Depart-
ment of Natural Resources.

All surface waters within the Middle Yellowstone Basin have
been classified by the State of Montana. The entire Yellow-
stone River mainstem within the reach of the Middle
Yellowstone Basin and all its tributaries with the exception
of those listed below have been designated B-D 3 . The Pryor
Greek drainage; the Bighorn River drainage above, but
excluding, Williams Coulee near Hardin; and the Little
Bigborn River drainage above and including Lodge Grass Creek
near Lodge Grass have been designated B-Di. The remainder
of the Little Bighorn drainage; the remainder of the Bighorn
River drainage; and the Tongue River mainstem from the
longue River Irrigation Reservoir to, but excluding. Prairie
Dog Coulee have been classified B-D

2
. These classifications

designate that the qual i ty of the water is to be maintained
suitable for drinking; culinary and food processing purposes
after adequate treatment equal to coagulation, sedimentation,
liltration, disinfection and any additional treatment
necessary to remove naturally present impurities; and
bathing, swimming and recreation. A B-D^ further designates
that the water be maintained for the growth and propagation
ol salmonid fishes and associated aquatic life, water fowl
and lurbearers. A B-D 2 designates that the water be
maintained suitable for the growth and a marginal propagation
of salmonid fishes and associated aquatic life, water fowl
and Curbearers. A B-D 3 classification designates that the
water be maintained for growth and propagation of nonsalmonid
I ishes and associated aquatic life, water fowl and furbearers.
Tbc detailed criteria for B-Di, B-D 2 ,

and B-D 3 classifications
arc given in Montana's Water Quality Criteria, Water Use
Glassifications and Policy Statements (Appendix B)

.

The entire Middle Yellowstone Basin is designated as one
segment by the State of Montana and has been classified as
an effluent limited class segment. This classification
indicates that water quality in the segment is meeting and
will continue to meet applicable water quality standards
afi;er application of effluent limitiations required by the
federal Water Pollution Control Act Amendment of 1972.

- 8 -



Table 1 is a list o£ the perennial streams or streams with
sufficient drainage area to warrant a sampling site in the
Middle Yellowstone Basin. Also, included in Table 1 is
the Montana State Department of Natural Resources and
Conservation (DNRC) sub-basin designation, the drainage
area of these sub-basins, and receiving waters of the streams.

CLIMATE

The mountains to the west and southwest of the Middle
Yellowstone Basin create a moisture shadow. Air masses
moving toward the basin from these directions must rise to
get over the mountains and thus lose most of their moisture
before reaching the basin. In these mountains sufficient
amounts of snow usually accumulate during the winter and
give rise to distinct runoff periods. Average annual
precipitation for the area ranges from 11 to 16 inches. The
maximum amount of precipitation usually occurs during late
spring and early summer with the minimum amount being in
late fall and winter. About 70 percent of the precipitation
falls during the April through September period, the growing
season, which permits extensive dryland farming. Table 2

shows the mean monthly precipitation in inches, the mean
annual precipitation in inches, and the period of record in
years for weather stations in the Middle Yellowstone Basin.
Figure 2 compares graphically the mean monthly precipitation
of several weather stations listed in Table 2 (Ref. 22).
Table 3 shows the mean daily maximum and minimum temperatures
in °F by month and the period of record in years for weather
stations in the Middle Yellowstone Basin (Ref. 22). I’igure
3 compares graphically the mean daily maximum and minimum
temperatures of several weather stations listed in I'able 3.

SOILS

Soil groups most widely represented in the Middle Yellowstone
River Basin in Montana are those developed on alluvial fans,
stream terraces, and flood plains; those developed on undu-
lating to hilly sedimentary plains; those developed on
dissected and rough broken uplands; and those developed on
smooth uplands.

Soils on alluvial fans, stream terraces, and flood plains
are nearly level to sloping, deep soils dominated by fine
sandy loams, silt loams, and silty clay loams. These soils
generally have medium runoff and present a moderate erosion
hazard. Some of these soils, particularly on flood [ilains,
are somewhat poorly drained and have a high salt content.

Soils on undulating to hilly sedimentary plains are deep to
shallow loams, silt loams, silty clay loams and sandy loams

- 9 -



(U

rH
XI

cH
M
(d

pq

0)

C
O
-P
in

S
O

(U

Q)

rH
T3
'OH
s
0)

x:
+j

c
•H

r)
<D

rH
a
e
fd

CO

in

£
as

0)

P
-P
CO

CO
oi
W
Eh

g
CJ)

sH
>H
W
(J

K

CO
W

W PIOSH
<C H
sH c w
< pq Ka 2 i<
Q C Da

CO

s
s oH

U CO Eh

<
s
Q §

CQ
I

ffl

D CO
CO W
Q

Eh
CO

P P
(U OJ

> >
•H *H
Cti 05

0) 0)

C C
O
-P

O
-P

in in

o o

(U <u

>H >H

p
0)

>
•P
o; (u

<u

<u P
c u

p
OJ

>
•H
05

0)

G
O
-P

O
X5
in

O
X!
CO o<

<1)

OJ

P
CJ W

P o
O H
>1 iH
p <U

0^ >H

P P P
q; Q) 0)

> > >
•H -H "H
05 05 05

CSC
P P P
O O O
x: X5 X5
Cn CTi tji

‘H -P -H
CQ m cq

p p
a; <u

> >
•P "P
05 05

G G
P P
O O
x: x5
Co
•p "p
CQ CQ

p p
QJ OJ

> >P -P
05 05

G G
P P
O O
X5 X5
Co Co
•P "P
CQ CQ

P P P 05
(U 0) 0)

> > >
*P 'P *P
05 05 05

G G G
P P P
O O O
X! X5 X5 H
0^ tT> I—

I

*P *P -P 0)

CQ CQ CQ >H

P P P P
(U 0) 0) 0)

> > > >
*P "P *P *P
05 05 05 05

G G G G
P P P P
O O O O
X5 x5 x5 x:
to IJI Co top -p -p -p
CQ CQ CQ CQ

(U (U OJ (U

P P
(U 0)

> >
•P -P

P 05 05
0)

X5 >
to-p
•P 05
CQ

G
a) pH o O _

-P x5 '—I I—

I

to rp Ip
•P -P <U 0)

I-Q CQ >H >H

(U (U

G G
O O
4-> 4J
cn in

o o
(N H
ID CN

O
I—

I

CD

O
00
m
CN

o
m
o

a am m OISHHWO^O^O^O^O^O^fl^O^O^O^O^OOOOIOO^SH^^5
mmrorororocproronrofPronroncpronrocnrncNCN

(1)

U
G >P
(1) O
GH 0)

4H U

Xi
QJ

(U

P
CJ

S
o
p
p

G
O
U

£
O
Pm
P
0)

>
-p
05

(U

G
O
-P
in

o

Ip Ip
H (U

<C CP >H

G
(U

P
rH
m
G
o
u

o
-p

Q) P
0) OJ

P >
CJ -P

05
P
0 G
>1 P
P O
01 x:

to
>p -p
O CQ

X5
cu

(U

p
u
p
o
>1
p
CQ

A5
(U mh ,

0) o
p
CJ >5

p
(U o
CoCli
(d

X5
0)

0)

P
u

O CJ
p
CJ P

o
Ip p
(d p

CO w W CQ

Xi
0)

0)

p
CJ

CD

G
•p
CQ CU

p ffi

o
p
o
CQ

X5
(U

CU

p
T3 U
fd

o
o
T3

P O
P O
Q K

(U

(U

X5 P
CU U
(U

P X
CJ H
W

W r-|

PH CQ
rp
P CU

CQ Ip
+J

Co 4->

P *P
CQ iG

(U

(U

P
tJ

cn

in

m;
cu

(U

p
tj

G
o
PX5 (d

G cu p
(d <u o
U P

CJ G
X5 <U

O CQ-P
(d fd PPOO
CQ CO 05

^5 <U

(U (U

X5
(U X5
QJ <u

(U

U P
u

inp X5
(d o
> o
p p
fd P
cu P
CQ H

p
(U

>
•P Xi
05 cu

cu

G P
P u
o
X5 in

to inp fd

CQ CQ

cu

p
CJ

p
u
p

cn cu

Cfl X5
4<5 fd G cu

cu p fd cu

cu o p p
P CQ u
CJ cu

to >1 OP T) cu G
> O P cu

O G O 05

p 4if;

cu (U

> cup p
05 U
G X5
p p
o fd

x: cu XI
tOQ cu
-p I cu

CQ O P
P u
I

cu

p
p
•P P fd

t-Q (P CO

cu

N CQ
O P

- 10 -



P p p p P P P p p
CO 0) (1) QJ 0) CU (U 0) 0) cu

> > > > > > > > >
H •H •H *H 'H •H “H *H H 'p

Eh Pi Pi Pi Pi Pi pc; xc; Pi

C (U (1) (U 0) P P P p p P P (U p
[2 (U (U QJ QJ (U (U (U 0) 0) 0) (D (U cu CU CU cu cu CU (U cu cu cu

d d d d d d d p p p p d > > > > > > > p > d
CD 0 0 0 0 000 U CJ CJ u 0 •H H *H •H •H •H 'H CJ •H 0

-p -p -p -p +j -p +j -p Pi Pi Pd pc^ pc; Pi Pi Pi p
H Ui CO CO CO CO CO CO 'd T3 T3 t3 CO d CO

> 2 2 IS S d d d d 2 cu (U (U cu cu (U cu 'H Q) S
H 0 0 0 0 000 ,d X3 XI X) 0 d d d d d d d d 0
H 1—

1

1—

1

rH 1—

1

rH rH fH 0) 0) 0) 0) 1—

1

tji Cri di t7> tj> tji tr> a CP rH

U rH 1—

1

rH «H 1—1 1—1 rH CO CO CO CO I—

1

d d d d d d d £ d *H
0) 0) (U OJ (1) 0) 0) 0000 d 0 0 0 0 0 0 0 3 0 (U

g >H >H >H >H >H >H >C Pi Pi Pi Pi Eh Eh EH Eh Eh Eh Eh cu EH >H

Q)

rH
X!
(d

EH

"d
0)

d
aH
+J

C
o
o

1:0

w
H
O

Q C

Z H 0 0 0 0
H S CD 0

0 CM 00 00

<c ^ P* 1—

!

CM

S
S O
H HU CO Eh

< rtl

SOQ
PQ

I

pq
O to
CO W
Q

h) h) h) Id h3
W « « « « M
CN (N CN CM CM CM rg
^ 'S'

WCCCCCPQPQpqpQPQ PQUUUU U
(NCMCMCMCNCMCMCNCMCMCM CMCMCMCMCM CM

cu cp AC (U

0 0 cu u
d 0 cu p d
cu cu p p 0 cu

d 0 CJ d
r-t d cu cu rp

CP cu d d u p
d d P cc3 d d
0 rH -P g cu 0
0 mh 0 d 0

d CU S rH

g 0 P p 0
cu 0 0 cO Cn d P

cu (U p P d AC 0 p
cu p ip 0 AC CO -P cu CJ AC cu

p CJ p CU Cn cu cu >
U M p CU g d P g cu -p

CU cu cu p p 0 d u 0 P dC

cu cu d > cu AC u P ffi p CJ

d p •H •p > CU AC p d p cu

•P CJ Oa Pi H CU a; cu d p ^C -P AC d d
Dj cu d X Pi p AC P cu AC cu AC (0 P 0 cu AC cu p d 0
d d cu 0 cu cu cu CU AC Ai CJ cu cu p CU e cu cu AC Dj cu (U g p
uo>h(I)M(1),xcc>(U(U{1) ^(uu-V(uo>(i)Ma)e>H>o(p
^j-HU(l)0>H(UOVH-HM(l)a)>HO!H (1)^h3:-HOU(U9u--H^>
o+j !HPMU(u+JOPi^u>H>Ha) o-H 0)cj PKiPJ sh 04 « o
dicdtncj Shm^ ucJ0)t3 (U5h tj> a)Cr>U d CT"H

>.H Qj>i(j;siTi(uc QdwMU'dCddc: (u-Hcucrn
4-)MHX:HC O-Hdt0W>i XlCr>!-l d-HdrH-H!MrH>^d--H(D
(C (1) (U-P+J 0) C-Hpq (j'-H-rH'd <D <U C-H P O diCn'+H Cnd-P &,CnCr'>H
(uwi-H-pa)o>H cjfd>'dEwddcupCp;f::cn-p-p6c;p;PdPS-H^OtUM^OdfddrOOOd'QJ-PdOOO-P-HPOdiH
CD«CcOiPCOS>H OEHHQSl-q(l^>^COQCOmE^ UP10 i-qPL(EHffi o

- 11 -



Table

2

Mean

Monthly

Precipitation

in

Inches

for

heather

Stations

in

the

Middle

Yellowstone

Basin

(Ref.

22)

- 12 -



Precipitation in Inches
h-> K)

c [-
• • •

o o
,

oo o o

> hh -

X n
O"
o

t) tr
tr Hi
bd 3 -

cr -

o -

tn -

Hi -

3 -

cr -

o -

> -

Hi
3 -

CT -

O -

tn -

-< Hi
3 -

cr -

n

tn -

cz
X ^ -

tn cr -

O '

bn t3"
-

c Hi -

t— B -

>-< cr -

o -

tn -

cz .H> -

CT) 5
cr ‘

n -

in tn
tn Hi
•x) 3
H cr

n

o
—

n td-'

H Hi
B -

cn
o

X tno H)
B
o'
n

a tn

rn Hi

n B
cr
n

Figure

2.

The

Mean

Monthly

Precipitation

h
-

Huntley

o£

Several

Weather

Stations

£
-

Forsyth

in

the

Middle

Yellowstone

Basin

m

-

Miles

City

b
-

Busby



Mean

Daily

Maximum

and

Mininiur?

Ter.peratures

in

®F

by

Month

for

Weather

Stations

in

the

Middle

Yellcvstone

Basin

(Ref.



Temperature in

» V

T)
rn
w

>

-<

G
X
m

cG

>
c
o

cy^

m
G
H

o
n
H

o
<

t)
rn
o

°F

I—*tsJ04-(i» CnO^OOlOOOOOOOOOOOOO«••••••**••OOOOOOOOOOO

-IS-

Figure

3.

The

Mean

Daily

Maximum

and

h
-

Huntley

Minimum

Temperatures

for

;

f
-

Forsyth

Several

Weather

Stations

in

m

-

Miles

City

the

Middle

Yellowstone

Basin

b
-

Busby

c

-

Colstrip



underlain by siltstones or weakly consolidated sandstones.
I'hese soils have slow to medium runoff and present slight
to moderate erosion hazards.

Soils on the dissected sedimentary plains and rough broken
uplands are generally moderately deep to shallow on hilly
to very steep slopes. There are steep buttes that have
shale exposed and broken slopes with steep drainageways

,

ridges, and knobs. The soils are drained by branching
drainageways that commonly are gullied at the headwaters.
These soils are generally clays to silty clay loams. They
have rapid runoff and present severe erosion conditions
and have a high potential as a sediment salt source to
streams

.

Soils of the smooth to rolling uplands are nearly level to
rolling, deep loams and clay loams underlain by silty clay
loam alluvium on sands and gravels. They would present
a slight to moderate hazard.

Soils in the Middle Yellowstone Basin are used for dryland
and irrigated crops and range. Soils on flood plains, low
terraces, fans and footslopes are used for dryland crops
with suitable areas under irrigation. Soils on uplands
are used mainly for range with some gently to moderately
sloping soils used for dryland crops.

LAND USE

There are about 9,836,160 acres within the Middle Yellow-
stone River Planning Unit. The entire Northern Cheyenne
(444,277 acres) and Crow Indian (2,283,000 acres) Reserva-
tions lie within the unit. The Bureau of Land Management
administers the Pryor Mountain Wild Horse Range in south-
eastern Carbon County. The Bureau of Sport Fisheries and
Wildlife maintains the Fort Keogh National Bird Refuge
(44,000 acres) located at the junction of the Yellowstone
and Tongue Rivers. The Bighorn Canyon National Recreation
Area (63,277 acres ), administered by the National Park
Service, surrounds Bighorn Reservoir.

Of^the 10,650,000 tons of coal mined in Montana in 1973,
91 % came from the Middle Yellowstone River Planning Unit.
Ihis area contains a large percentage of the Fort Union
strippable coal deposits in Montana. Crude oil production
i-s about 1,071,500 barrels per year while gas oroduction
IS negligible.

About 75% of the planning unit lands are used for pastureand range in the production of livestock. Hay, pasture.
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and sugar beets comprise about 70% o£ the irrigated lands.

Wheat, oats, and barley are the primary dryland farmed
crops

.

Small water areas (ponds 2-40 acres in size) make up less

than 1% of the area, while forests occupy about 1 %. Lumber

production amounts to about 1.5 million board feet per year.

Miles City (population 9,073), Hardin (population 2,733),

and Forsyth (population 1,073) are the major population

and trade centers.

WATER USE

Irrigated agriculture is the primary water user. The 237,963

acres of irrigated lands deplete about 654,400 acre-feet of

water per year from the Yellowstone River system.

Major Montana State Water Conservation Board projects in

the area are Hysham Bench Unit and the Tongue River Res-

ervoir. These two projects deliver supplemental water to

about 20,000 acres of irrigated land. The Hysham Bench

project is located south of the Yellowstone River near

Hysham. The Tongue River Reservoir is located about ten

miles north of the Montana-Wyoming border near the Town of

Decker. The reservoir has a capacity of 69,439 acre-feet

with 35,835 acre-feet contracted to agriculture and 4,175

acre-feet optioned for industrial use.

The Bureau of Reclamation has constructed the Huntley

Irrigation Project and Yellowtail Dam. The Huntley project

serves about 24,000 acres of land that lie along the

Yellowstone River below the Town of Huntley. Yellowtail

Dam backs up Bighorn Reservoir. The dam houses four 62.5

megawatt generating units that produce an average of one

billion kilowatt-hours of energy annually. Water from Big-

horn Reservoir was planned to irrigate 43,550 acres of

in the Hardin Unit, however, no land has yet been irrigated

with this water. The reservoir provides recreational

opportunities for fishing, camping, boating, and bird and

wildlife watching.

About 700,000 acre-feet of water has been optioned for

industrial use. The Crow Irrigation Project (Bureau of

Indian Affairs) provides water for about 30,000 acres of

land on the Crow Indian Reservation. The remainder of

irrigated lands has been developed by individuals and

irrigation districts.
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There are 11 towns that use about 3,534 acre-feet of
municipal water per year from public water systems. About
85®6 of the municipal water is derived from surface water.
Rural water supplies are largely groundwater. Industrial
water use in negligible.

POPULATION AND ECONOMICS

For this profile, 1970 census data from county census
divisions have been summarized to approximate the actual
basin figures. This gives a county-by- county share of
people and jobs as of 1970. This share was then applied to
historical data and county projects to yield the basin table.
Because coal development is such an important factor in
the basin's economic future, a special set of projects have
been included which consider coal-related population and
employment

.

Historically agriculture has been the predominant economic
activity in the basin. Irrigation is mainly restricted
to the river valleys with hay, corn for silage, and sugar
beets being the major crops. Out of the river valleys,
the major land use is livestock grazing, with extensive
dryland grain production in some areas. On the average,
the marketing receipts from livestock are twice those from
crops in counties in the basin. Although Billings is out-
side the basin boundary, it is the wholesale center for the
entire region, and also captures a significant portion of
the retail trade. Billings is the largest city in Montana.
The basin includes all of two Indian reservations, the Crow
and the Northern Cheyenne.

Communities in the Middle Yellowstone Basin with 100 or more
people are listed below along with their 1970 population.

COMMUNITY COUNTY 1970 POPULATION

Busby Big Horn 300
Crow Agency Big Horn 1,000
Fort Smith Big Horn 125
Garryowen Big Horn 361
Hardin Big Horn 2,733
Lodge Grass Big Horn 806
St. Xavier Big Horn 100
Wyola Big Horn 125

Ashland Rosebud 531
Colstrip Rosebud 200
Forsyth Rosebud 1,873
Lame Deer Rosebud 650
Rosebud Rosebud 225
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COMMUNITY COUNTY 1970 POPULATION

llysham Treasure 350

Ra 1 1 ant ine Yellowstone
Yellowstone
Yellowstone
Yellowstone
Yellowstone

350
300
400
200
425

Custer
Huntley
Shepherd
Worden

Without question, the most important factor currently looming
in the basin's economic future is coal. Mines are
currently operating at Colstrip (Western Energy and Peabody),
Decker (Decker Coal Company), and Sarpy Creek (Westmoreland).
Two coal-fired electrical generation units are under con-
struction at Colstrip with two more proposed. The greatest
short-term impact on population and employment will be
from construction, although a significant number are
expected to remain permanently to run the mines and the
power plants. Because of the proximity to Billings to the
coal fields, it is uncertain how many temporary and permanent
residents will reside near the job site and how many will
reside in Billings.

Table 4 summarizes historical population and employment
from p30 to 1970. Two projections to 1980 and 1985 have
been included. The first is a standard historically-based
projection which does not include coal development. The
second includes primary and derivative jobs and population
based on a State Employment Service study. It is important
to note that many energy firms have voiced interest in
mining and processing coal from the Middle Yellowstone area.
If their plans materialize, the resultant impact could
conceivably be much greater than has been shown. This is
particularly true regarding construction employment, which
is very changeable on quite short notice.

HYDROGEOLOGY

Groundwater is widely used in the Middle Yellowstone River
Basin for domestic, stock, municipal, industrial, and
irrigation purposes. The predominant use of groundwater
in the basin is for private water and stockwater wells.
Groundwater is widely used source of water and is a valuable
resource in the basin. There are a large number of techni-
cal reports that describe groundwater in portions of the
basin, and numerous detailed groundwater investigations
have been conducted and are presently being conducted,
particularly in coal development areas of the basin.
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The occurrence, availability, and quality of groundwater
in the basin is dependent on geological conditions. The
basin has a complex geological history, and as a result,
geological conditions in the area are variable and com-
plicated. The geological history includes long periods of
sedimentation interrupted by period uplift and erosion.
At the end of Mesozoic time (65 million years ago) a period
of uplift, folding and faulting occurred. Sediments in
the basin were eroded, and thick layers of rocks were
removed. It was during this geological period that
mountainous portions of the basin, including the Big Horn
and Pryor Mountains, were formed. Geological units of
importance to groundwater resources in the Middle Yellow-
stone Basin include bedrock formations of Cenozoic and
Mesozoic age, bedrock formations of Tertiary age, and
alluvial deposits of Pleistocene and Quaternary age.
Basin geological formations have been significantly
influenced by structural deformation, including uplift
and faulting south of Hardin, and in the Powder River Basin
south of Ashland, the Bull Mountain Basin north of Huntley,
and the Porcupine Dome north of Forsyth.

Bedrock formations of the Paleozoic Era (230 to 500 million
years old) are present in the southwest corner of the basin
in the Big Horn Mountains. There has not been extensive
development of water-bearing formations in this area;
however, a number of formations of Paleozoic age contain
groundwater. Generally, water-bearing formations in this
area will yield moderate quantities of fair quality water.
The Madison Formation, present in this area, generally
will yield moderate to very large quantities of fair to
good water to wells.

Bedrock formations of Mesozoic age particularity the
Cretaceous Period, outcrop extensively in the southwest
and north- central portions of the basin. Some of these
formations will yield moderate quantities of fair quality
waters to wells. Of particular interest are widespread
sandstone formations, including the Hell Creek Formation,
Fox Hills Formation, Judith River Formation, and Eagle
Sandstone. These units are widely used as a groundwater
source in this area and usually will yield small to
moderate quantities of fair quality waters to wells.

Much of the southern, southeastern, and northeastern
portions of the basin are overlain by the Fort Union
Formation of Tertiary age (1-65 million years old). The
Fort Union Formation, where uninfluenced by erosion, con-
sists of about 2,400 feet of clay, shale, lignite coal,
sandy shale, and sandstone beds. In much of the area.
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erosion has significantly reduced the thickness of the Fort
Union Formation. The Fort Union Formation generally con-
sists of an upper member termed the Tongue River Member,
which is a good water-bearing aquifer where it is present
in sufficient thickness. Underlying the Tongue River Member
is the Lebo Member, which consists of about 200 to 300 feet
of essentially nonwater- bearing shales and shaly sandstones.
Beneath the Lebo Member is the Tullock Member, which con-
sists of about 375 feet of shale and sandstone and yields
small to moderate quantities of fair quality water to wells.
The Fort Union Formation is the dominant geologic formation
for coal development in the basin. Extensive beds of
lignite and subbituminous coal are present in this formation.
Coal beds commonly act as aquifers in the basin and in some
cases coal beds are the better aquifers in the formation.
Typically, coal beds that are water bearing will yield
small to moderate quantities of fair quality water.

The Wasach Formation, of Tertiary age, consisting of about
350 feet of clay, sandstone, and shale, is present in the
southeastern corner of Big Horn County. The Wasach will
yield small quantities of fair to poor quality water.

Continental glaciation did not reach southward into the
Middle Yellowstone Basin; however, there are alluvial
and terrace deposits of Pleistocene and Quaternary age
present along major stream drainages of the basin. These
deposits generally are thin to moderately thick and will
yield small to large quantities of fair to poor quality
waters. Generally, terrace deposits along the Yellowstone
River are moderately thick and will yield large quantities
of fair quality water.

Pollution of groundwater has occurred in a number of areas
in the Middle Yellowstone River Basin. Strip mines at
Colstrip, Decker, and Sarpy Creek are under active investi-
gation to determine the impact of these strip mines on
groundwater. Preliminary information indicates that
leachates from mine spoils have degraded groundwater quality
in the vicinity of the mining operations.

Several saline seep areas have been identified within the
basin along the Yellowstone River downstream from Huntley.
Ihe characteristics of saline seep areas are not well
known at this time, and studies are presently underway to
determine the extent and magnitude of saline seeps in the
basin.

Sewage stabilization lagoons generally have seepage into
t e groundwater and create localized areas of groundwater
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pollution. However, there have been no problems due to

lagoon seepage reported in the basin. There are 19 sewage
lagoons in the basin.

Septic tank and subsurface disposal can create localized
areas of groundwater pollution. Where there are large
numbers of septic tanks and individual water supplies
using wells, groundwater pollution can lead to public
health problems if the wells and septic tank systems are
improperly designed and located. Although there are areas

that have septic tanks and wells, there have been no

specific problems identified in the basin; however, the
character of this potential groundwater pollution problem
has not been thoroughly investigated.

There are a number of feedlots in the Middle Yellowstone
Basin, particularly along the Yellowstone River. Feedlots

have been identified in a number of past studies as

contributors of pollution to groundwater due to seepage

of water from feedlots downward to the groundwater system.

There have been no specific problems identified in the

basin associated with feedlots. Future groundwater quality

work within the basin will assess the impact of feedlots

on groundwater.
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IV. MONTANA WATER POLLUTION CONTROL PROGRAM

INTRODUCTION

Waber quality management planning is part of a broad,
comprehensive v;ater pollution control program adminis-
tered by the Water Quality Bureau of the Environmental
Sciences Division of the Montana Department of Health
and Environmental Sciences. Details of this program
are described in annual reports of the bureau. Im-
portant elements of the state program are:

1. State and federal waste discharge permit programs.

2. Water quality standards.

3. Statewide monitoring and surveillance.

4. Facilities construction grants, plan review,
operation and maintenance inspections, training
and licensing of operators.

5. Public participation.

6. Enforcement.

STATE AND FEDERAL WASTE DISCHARGE PERMIT PROGRAMS

The present state program of issuing waste discharge
permits is operated under the authority given by the
Montana water pollution control law and the Montana
Pollutant Discharge Elimination System (MPDES) . At the
present time, the U. S. Environmental Protection Agency
(EPA) is also issuing waste discharge permits in the
state of Montana to federal facilities and to discharges,
from other than incorporated communities, on Indian
reservations. The permits are being issued pursuant
to the National Pollutant Discharge Elimination System
(NPDES) created by the Federal Water Pollution Control
Act Amenctoents of 1972 (FWPCAA of 1972) . To eliminate
the duplication of effort which formerly existed, the
state of Montana applied for and received authority
from EPA to issue NPDES permits in Montana. Section 402
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of the FWPCAA of 1972 provides that states with
adequate water pollution control programs may apply
for and receive authority from EPA to issue discharge
permits under the NPDES in their own states. Montana
made the necessary revisions to the state water pol-
lution control laws during the 1973 legislative session
to provide statutory authority for administration of
the NPDES program in Montana. The Montana Depart-
ment of Health and Environmental Sciences was given
the authority to administer the waste discharge permit
program on June 10, 1974. Waste discharge permits
issued under the NPDES prior to the MPDES permit
program will serve as MPDES permit until their date
of expiration. All MPDES permits issued meet the
minimum requirements of the EPA for NPDES permits.

The Federal Water Pollution Control Act Amendments of
1972 established the following time schedule for up-
grading waste treatment facilities:

MUNICIPALITIES

1. Secondary treatment by July 1, 1977.
2. Best practical control technology by July 1, 1983.
3. No discharge of pollutants by 1985 (goal)

INDUSTRIES

1. Best practicable control technology by July 1, 1977.
2. Best available control technology by July 1, 1983.
3. No discharge of pollutants by 1985 (goal).

NATIONAL SECONDARY TREATMENT REQUIREMENTS (FWPCAA OF 1972)

Minimum five-day biochemical oxygen demand (BOD 5 )reduction to 85 percent.

Minimum suspended solids reduction of 85 percent.

Maximum effluent BOD 5 of 30 mg/1 on monthly average and
45 mg/1 on weekly average.

Maximum effluent suspended solids of 30 mg/1 on monthly
average and 45 mg/1 on weekly average.

Max imiun effluent fecal coliform of 200 organisms/100 mlon monthly average and 400 organisms/100 ml on weekly average
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pH limits on effluent maintained between 6 and 9.

I

Self-monitoring of these parameters is required. The
frequency of monitoring is based on the population
served and the complexity of the treatment facility i:

and is stated in the .NPDES or MPDES permit- In ''

addition, some municipal dischargers are limited
for and required to monitor effluent oil and grease.

WATER TREATllENT PLANT TREATMENT P^EQUIREMENTS

There are no parameters specified by the FWPCAA of
1972 to be monitored for v;ater treatment plant dis-
charges. The following requirements are being placed
on NPDES permits issued in Montana:

i'

1. No change in operating procedures will be allowed
that would result in a less desirable disch^lrge.

2. As soon as practicable but no later than July 1,
1977:

Total suspended solids (TSS) ^45 mg/1 weekly average
-<^30 mg/1 monthly average

Total dissolved aluminum 1.0 mg/1 monthly civerage
/I. 5 mg/1 grab sample

pH Maintained betv/een
6 . 0 and 9 .

0

INDUSTRIAL BEST PRACTICABLE CONTROL TECHNOLOGY PvEQUIRE- :

T4ENTS (FWPCAA OF 19 72)
|

i

I

Industrial waste dischargers will be required to provide
|

the best practicable control technology currently avail-
|

able in treatment of their v;aste discharges. The parameters ^

will be limited and monitored, and the frequency olf

monitoring will vary with the different types oE in-
dustries. The specific parameters to be limited and
monitored and the frequency of monitoring are stated
in the NPDES or MPDES permit.

AGRICULTURAL TREATMENT PJ]QUIRE:4ENTS (FWPCAA OF 19 72)

Federal regulations require that any animal confinement facil-'

ity which on any 30 days during the previous twelve months
contained 1,000 or more animal units must apply for a waste
discharge permit. The Montana Pollutant Discharge li lim i na t i on !

System Rule requires that any animal confinement facility.
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without regard to size, which discharges to state
waters must apply for a waste discharge permit. The
following is a list of the number of animal units for
those types of animal confinement facilities in or
expected to be in operation in Montana:

Slaughter and Feeder Cattle 1.0 animal units/animal

Mature Dairy Cattle

Swine over 55 pounds

Sheep

Fish (where discharge
occurs on at least 30
days/year)

1.4 animal units/animal

0.4 animal units/animal

0.1 animal units/animal

0.05 animal units/pound

The waste discharge permits issued for animal confinement
facilities will generally prohibit any discharge of
pollutants unless rainfall in excess of the lO-year/24-hour
rainfall or equivalent moisture has been received.

Irrigation return flows will be subject to MPDES permit
if there is a point source discharge through a man-made
or man-maintained drainage system from 3,000 or more
irrigated acres. The parameters to be monitored and the
frequency of monitoring will be stated on the discharge
permit.

WATER QUALITY STANDARDS

Water pollution control started in Montana in 1907 with
passage of legislation designed to protect domestic
water supplies. A more comprehensive law was passed
in 1955 that dealt with control and protection of water
for recreation, agriculture, and industry. The 1955
law also established a water pollution control council
and charged it with the tasks of classifying all streams
in the state according to their most beneficial uses
and establishing water quality criteria for the streams.
The 1955 law also involved upgrading the treatment of
wastes going into the streams. Montana thus became one
of the first states to have enforceable stream classi-
fications .

In 1965, the U. S. Congress passed the Federal Water
Quality Act which required that all states classify and
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establish water quality criteria for their interstate
streams by July 1, 1967. Montana revised its stan-
dards for both interstate and intrastate waters and re-
quired a higher degree of stream quality than before.
Secondary treatment or the equivalent was required of
municipal and industrial discharges. In October, 1972,
the Federal Water Pollution Control Act Amendments
were passed expanding the authority of the Environ-
mental Protection Agency. Uniform water quality stan-
dards and enforcement procedures throughout the United
States became the objective. Montana revised its
water quality standards and adopted these revised
standards on July 13, 1973. The new standards became
effective in November, 1973.

Montana water quality standards serve as a functional
tool in protecting water quality; however, a number
of laws, statutes, and regulations complement the water
quality standards and significantly assist in protect-
ing water quality.

STATEWIDE MONITORING AND SURVEILLANCE PROGRAM

Prior to 1972, Montana had done little water quality
monitoring due to inadequate funding. With increased
appropriations provided by the 1971 legislature and the
federal government, the state greatly increased its
effort. Personnel were added to the staff, and
laboratory capabilities were expanded. The present
state monitoring program includes compliance monitoring
of point sources of wastes including monitoring of municipal
and industrial wastes, long-term baseline monitoring
of streams, and a statewide program for determining
the general quality of all significant surface waters.

The statewide inventory of water quality will identify
areas with water quality problems and will provide
basic data for water quality management and planning
programs. Included in the monitoring is a statewide
assessment of the trophic (pollution level) status of

Montana's lakes, reservoirs, and ponds. This program
is coordinated with the EPA National Eutrophication
Survey

.

FACILITIES CONSTRUCTION, OPERATION, AND MAINTENANCE

A minimum requirement of primary treatment for all domestic

sewage was first adopted by the Montana Board of Health
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in 1952. All of Montana's coinmuni ties have met this
requirement, and many of the communities are upgrading
their facilities to secondary treatment or are in the
process of constructing or planning secondary treatment
systems. Since 1956, there has been a federal grant
program to assist municipalities in the construction
of sewage treatment facilities, including outfall and
interceptor sewers. In 1971, the Montana state legis-
lature appropriated $4,000,000 to aid municipalities
in construction of these same facilities. The 1973
legislature appropriated $1,600,000 to reimburse
municipalities that had proceeded with construction
since July 1, 1966, without waiting for state grants.
With passage of the Federal Water Pollution Control
Act Amendments of 1972, 75 percent of eligible project
costs are federally financed. Due to a shortage of
federal grant funds, a priority system for allocation
must be used. The state, under EPA guidance, establishes
priorities for proposed waste treatment projects.

An important part of municipal sewage treatment is
proper operation and maintenance of facilities after
construction is completed. In an effort to improve
operation and maintenance, the state has conducted an
operators' school each year. During recent years, this
school has had about 100 operators attending. In 1971,
a grant v/as obtained from the federal government for
employing two training instructors to establish train-
ing programs throughout the state. This activity is in
addition to the annual school.

An operators certification program was established in
1968 following enactment of a law requiring certification
of those responsible for the operation of sewage treat-
ment or industrial waste treatment systems.

PUBLIC PARTICIPATION

Public participation in the water pollution control is
an increasingly important aspect of the state program.
Public hearings are held concerning proposed regulations,
water quality management plans, and waste discharge per-
mit applications. The state also has an environmental
impact statement requirement. These statements are
presented to the public for comment, and hearings are
conducted on highly controversial issues.

The public also is kept informed by means of a water
pollution control advisory council which has been
established by law to assist the Water Quality Bureau
in preparation of rules and regulations and dissemination
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of information to interested groups. Similarly,
public meetings are attended on request, and a

quarterly newsletter is published by the Water
Quality Bureau.

ENFORCEMENT

Montana's laws on water pollution basically state
(1) it d.s unlav/ful to cause pollution or place ma-
terials in a location where they are likely to cause
pollution of state waters, and (2) discharge of waste
material into state waters without a permit from the
Department of Health and Environmental Sciences. Two
administrative rules have been adopted by the Board
of Health and Environmental Sciences v/hich are the chief
elements in Montana's water pollution control program.
Montana's water quality standards serve as the primary
means for defining pollution, and the Montana Pollutant
Discharge Elimination System rule provides the mechanism
for authorizing and controlling point source discharges
to state waters. Violators of the law, a rule, permit,
or order could be subject to injunction, civil penalties
up to $10,000 for each day of violation, or criminal
penalties with fines not to exceed $25,000 per day
of violation and/or imprisonment for not more than
one year for an initial conviction and not more than

$50,000 per day of violation and/or imprisonment for

not more than two years for subsequent violations.
Significant steps were taken in 1974 to establish a

workable enforcement program, including increasing
the legal staff and additional allocation of technical
staff

.
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V, WATER POLLUTION SOURCES

In the Middle Yellowstone Basin, water pollution may result
from a number of activities, only a few of which are repre-
sented by point discharges. Most water quality problems in
the basin are due to sedimentation from runoff of erodible
soils. There are 19 municipal sewage treatment facilities
in the basin with six of these designed on a non-discharge
basis. Five potential industrial discharges exist within
the basin. Characteristics of all known discharges, both
municipal and industrial, are shown in Tables 5 and 6.

MUNICIPAL DISCHARGES

Assessments of community needs are
the Middle Yellowstone Basin is an
Presently, preliminary engineering
most communities discussed herein,
as follows:

based on the fact that
effluent limited segment,
reports do not exist for
Further assumptions are

A. Meeting secondary treatment requirements is
considered satisfactory for effluent limited
drainages

.

B. Facilities should be designed and constructed to
ensure that secondary treatment requirements will
be met. In certain cases, properly designed and
operated lagoon systems have been shown to meet
effluent limitations. Therefore, to provide a
basis for estimating costs associated with
attaining secondary treatment, examples for each
discharge were based upon a lagoon system having
a minimum of three cells. The cells must be 1)
adequately designed on both an organic and
hydraulic basis, 2) amenable to series or
parallel operation, and 3) provided with dis-
infection facilities. It must be realized that
such systems may not provide satisfactory treat-
ment in all cases, but cost estimates based on
the above assumptions should be fairly realistic.

C. Organic loading was evaluated on the basis of
100 people per acre per day.

D. Hydraulic loading was evaluated on the basis
of 100 gallons per person per day. The lagoon
system should be capable of storing 180 days
of flow (the winter flow) without discharge.
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]i. The cost of additional lagoon cells was based on
$200 per acre of land and $2 per cubic yard for
less than 75,000 cubic yards and $1 per cubic
yard for more than 75,000 cubic yards of
excavation. This cost should cover appurtenances,
engineering, legal costs, etc. Chlorination
equipment is estimated to cost $10,000 per
facility

.

F. When available, previous cost estimates formulated
by the Montana State Department of Health and
Environmental Sciences during the development
of a U. S. Environmental Protection Agency needs
list were used.

Ball an tine -Worden

Tlic sewage disposal system for the communities of Ballantine
and Worden consists of gravity mains, two two-pump lift
stations, and a two-cell lagoon. When the Ballantine
system was constructed, the sewage collection system tied
into the Worden system, and a new cell was added to the
lagoon. The first cell has a surface area of 3.5 acres,
and the second cell an area of 4.0 acres. The system
serves an estimated population of 450 and seldom has a
discharge to the Yellowstone River via a drain ditch. The
lagoon system is loaded satisfactorily organically. They
need the capability for series operation of at least three
cells, and the capacity for holding winter flow. An
additional 32,500 cubic yards of storage is expected to be
needed to hold the winter flow. A chlorination unit is
needed for disinfection. This will mean a cost of about
$76,000 to ensure that the system has secondary treatment.

Custer

The sewage disposal system for the Community of Custer
consists of gravity mains, a two-pump prefabricated lift
station, and a two-cell lagoon. Both cells are equal in
size, having a total surface area of 6.4 acres, and have
been designed to be used in series. The system serves an
estimated population of 600 and has never discharged. A
discharge would be to the Yellowstone River via a drain
ditch. There is no organic or hydraulic loading problem
anticipated. Since the lagoon has no discharge, no
additional facilities are needed.

Prairie Diner, Lounge, and Trailer Court

The sewage disposal system for the Prairie Diner, Lounge,
and Trailer Court (about five miles east of Custer) consists
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o£ a gravity main and a small two-cell lagoon. The first
cell has a surface area of about 1,250 square feet and the
second cell an area of approximately 3,000 square feet. The
system has been designed to be used in series. The system
serves an estimated population of 40 and has never had a
discharge. New construction on Interstate 94 will require
that the lagoon system be moved. The Montana State Highway
Department will construct a new lagoon facility during
construction of this highway.

Hysham

The sewage disposal system for the Town of Hysham consists
of gravity mains, a two-pump Can-Tex package sewage lift
station, and a two-cell lagoon operated in series. Both
cells are equal in size with a total surface area of
approximately 5.0 acres. The system serves an estimated
population of 300 and has an intermittent discharge to an
irrigation return ditch and then to the Yellowstone lUvcr.
The discharge is usually small, and when the irrigation
ditch is not in use, the discharge seeps away before reach-
ing the Yellowstone River. The lagoon system is loaded
satisfactorily organically, but the capability for series
operation of at least three cells is needed. An additional
capacity of 1,700 cubic yards is needed for disinfection.
This will mean a cost of $13,500 to ensure secondary treat-
ment. Because of the beginning of coal mining in the Sarpy
Creek area, the population of Hysham is expected to increase
in the next several years. This will necessitate additions
to the town's sewage system in addition to those mentioned
above

.

Forsyth

The sewage disposal system for the City of Forsyth consists
of gravity mains, a small package lift station, and a two-

cell lagoon. Both cells are equal in size and have a com-
bined surface area of approximately 8,0 acres. At the
present time the influent flow is split equally into both
cells, but only one cell has a discharge. There is a pipe
between the two cells which keeps the levels equalized. The

system is capable of being operated in series. The effluent
discharge is continuous and to a slough area well below the

water level. The slough eventually drains to the Yellowstone
River. The system serves a population of about 2,500
people. The waste discharge permit, which was issued to the

city by the State of Montana on July 26, 1971, put them on

a compliance plan. As part of this compliance, construction
plans for sewage lagoon improvements were to be submitted
to the State Department of Health and Environmental Sciences
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by July 1, 1972, The plans have not been submitted as yet
but are in preparation by a consultant. The City of Forsyth
is on the Montana State Department of Health and Environ-
mental Sciences' priority list for EPA funding possibly for
I'Y 1976. It is estimated that the system will need an
additional 11,3 acres to obtain satisfactory organic loading.
Also, 130,673 cubic yards of storage capacity will be needed
to hold the winter flow. The capability of series operation
of at least three cells is needed, and a chlorination unit
will be needed for disinfection of the effluent. Cost of
providing secondary treatment is estimated to be $144,000.

Rosebud

There are at least five small raw sewage discharges into the
Yellowstone River from the Community of Rosebud. The
original sewage disposal system for the community consisted
of septic tanks and seepage pits. The seepage pits and
drainfields eventually became clogged because of the soil
type in this particular area. Small drain lines were
constructed which tied the seepage pits and drainfields
together and the sewage was then discharged to the Yellow-
stone River. The present population of about 150 is expected
to increase in the next several years due to the increased
coal development in the area. The community is not an
incorporated town, and there are no county regulations for
waste discharge or sewage facilities. The action the State
of Montana has taken has been to set up a community meeting
with county officials present to discuss the sewage disposal
problem. The people have the choice of either constructing
a community system under the Rural Sewer Improvement District
(RSID) or adequately updating individual systems. Because
of the condition of the seepage pits and drainfields due to
the soil type and the possible increase in population, the
Montana State Department of Health and Environmental Sciences
recommended a non- discharging lagoon system.

Ashland

At the present time the sewage disposal system in the
Community of Ashland is individual septic tanks. The Montana
State Department of Health and Environmental Sciences has
put the Community of Ashland on a needs list for a new
community sewer system; however, it is expected that there
will be at least a two or three year period before these
funds are available. The community is adjacent to the
Northern Cheyenne Indian Reservation, and there is an Indian
housing development, Ashland Mutual Self Help Homes, at the
St. Labre Indian Mission School on the Reservation in the
nearby area. The Community of Ashland is not eligible to
receive funds from the Public Health Service, administered
y the Indian Health Service under PL 86-121, but the other
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two developments are eligible. When funding becomes available
to provide the Community of Ashland with a sewage treatment
facility, it may be possible in a dual-agency effort to
facilitate the whole area.

Ashland Mutual Self Help Homes .

The sewage disposal system for Self Help Homes on the Northern
Cheyenne Indian Reservation near Ashland consists of gravity
mains and a new two-cell lagoon. The total surface area of
the two cells is approximately 1.8 acres. This system
serves a population of about 80 people. At the present time
the lagoon is still filling, and there is no sewage in the
second cell. When the system is full, it will be operated
in series, and the discharge will be to the Tongue River.
The sewage disposal system appears to be of sufficient size
to provide for the needs of this housing development. To
ensure secondary treatment it is possible that another cell
be constructed to provide three cells operated in series
and a chlorination unit be installed to disinfect the ef-
fluent. Funds for this new system were provided by the
Public Health_ Service. Since this system is on the
reservation, its discharge permit will be issued under Federal
discharge permit program.

St. Labre Indian Mission

The sewage disposal system for the St. Labre Indian Mission
consists of gravity mains and a small two-cell lagoon. The
total surface area of this lagoon is about 2.0 acres. Two
or three years ago construction got underway to modify and
upgrade the sewage disposal system. This included the
construction of a larger lagoon cell and installation of
a sewage lift station for the Mission School. At the
present time the larger cell has been constructed, but not
put into use; the lift station has not been completed; and
a new package lift station has been received for an adjacent
housing development that has been built in the last couple
of years. When this facility is in full operation, the two
lift stations will deliver sewage to the large cell, and
from there it will be discharged to the Tongue River via a
normally dry river channel. The original small lagoon will
be used to treat storm water from the Mission area. It is
doubtful that the system will meet secondary treatment re-
quirements. The facility will probably have to be modified
to provide for three cells operated in series, and a
chlorination unit will have to be installed on the effluent.
The St. Labre Mission School is on the Northern Cheyenne
Indian Reservation, but because of its religious affiliation,
it is not eligible for Federal Construction Grant funding
from either the U. S. Environmental Protection Agency or the
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1). S. Public Health Service. The waste discharge permit
will be under the Federal discharge permit program.

Muddy Creek Home Sites

The sewage disposal system at the Muddy Creek Home Sites
consists of gravity mains and a small two-cell lagoon. The
total surface area of the lagoon system is about 0.8 acres.
Seepage from the lagoon is such that all the liquid percolates
into the ground. There is no pollution problem expected from
this percolation, thus, the system is non-discharging. The
system is servicing a population of about 50 people, with
a total expected population of about 200 people. Muddy
Creek Home Sites in on the Northern Cheyenne Indian Reserva-
tion and funding for this new facility was under PL 86-121,
administered by the Indian Health Service. If at some future
time, a waste discharge permit is needed, it will be issued
under the NPDES permit program.

Lame Deer

The sewage disposal system for Lame Deer consists of gravity
mains and a three-cell lagoon system. The surface area of
the first two cells is about 4.8 acres and that of the
third cell is about 5 acres. The first two cells are
operated in parallel with the third cell being operated in
scries with the first two. This system serves an estimated
population of 400 people. The lagoon effluent discharges to
Lame Deer Creek via a small ditch. The lagoons seem to be
loaded satisfactorily organically, and the system is capable
of being run in series. The system is not adequate to store
winter flows, and it is expected that about 9400 cubic yards
of additional storage capacity will be needed. A chlorina-
tion unit will be needed on the effluent. It will cost an
estimated $29,000 to provide secondary treatment. Lame Deer,
being on the Northern Cheyenne Indian Reservation, will not
be liable for a permit under the MPDES but will be issued a
waste discharge permit through the Federal permit program.
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Colstrip

The sewage disposal system for the Community of Colstrip
consists of gravity mains, two package lift stations, and
a three-cell lagoon. These three cells have a total surface
area of approximately 10.3 acres. The population served by
this system is about 2000. At the present time there is no
liquid in the third cell, and thus, the system is not dis-
charging. It is expected that in the event sewage collects
to the point where a discharge would occur that a new cell
would be added.

Lodge Grass

The sewage treatment facilities for the Town of Lodge Grass
consist of gravity mains and a single-cell lagoon with
approximately six acres of surface area. A contract has been
let by the Indian Health Service under funds provided by
the U. S. Public Health Service to expand the lagoon system
by adding a new cell. This system serves a population
estimated at 700 people. The disicharge is to the Little
Bighorn River via a ditch. Lodge Grass is on the Crow
Indian Reservation but has substantial non-Indian population.
Therefore, funding from the U. S. Public Health Service
under PL 86-121 does not cover the entire population of
Lodge Grass. The town is on the Montana State Department
of Health and Environmental Sciences' priority list for EPA
funding for FY 1975, and it is planned that through a joint
effort, the Lodge Grass sewage disposal system may provide
secondary treatment. The present single-cell lagoon is

slightly overloaded organically and needs an additional
2.0 acres of area. The capability for holding winter flow
will necessitate approximately 42,600 cubic yards of additional
capacity. A chlorination facility will be needed for disin-
fection of the effluent. Upgrading of this sewage disposal
facility to ensure secondary treatment is expected to cost
about $96,000.

Crow Agency

The sewage treatment facility for Crow Agency consists of
gravity mains, two two-pump lift stations, and a three-cell
lagoon. The total surface area of the three-cell lagoon is

approximately ten acres. The system is operated with the
first two cells in parallel and the third cell in series.
The discharge is to the Little Bighorn River via a drain
ditch. The system serves a population of 1,000 people and
the Bighorn carpet mill. This system was found to be in-

adequate for treating the industrial wastes from the carpet
mill. Construction is presently underway and scheduled for
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comp I (-'t. i on in October 1974 of a physical - chemica 1 treatment
lacility. This new mechanical treatment plant will receive
the industrial waste prior to its discharge into the lagoon
system, and it will also receive a portion of the municipal
waste from the community. The rest of the municipal waste
will discharge directly into the lagoon system. The lagoon
system does not appear to have the capacity for holding
winter flow, and an additional 45,000 cubic yards of storage
may be needed. A chlorination unit may be needed to ensure
disinfection of the effluent. These additions to the sewage
disposal system will cost approximately $101,000.

Hardin

The sewage disposal system for the City of Hardin consists of
gravity mains, a two-pump master lift station, a small two-
pump lift station, and a two-cell lagoon with a total sur-
face area of about 25 acres. This system serves an estimated
population of 2700 people. Each cell has its own discharge;
one discharges to a ditch and then to the Bighorn River; the
other discharges directly to the Bighorn River. The City
of Hardin is on the Montana State Department of Health and
Environmental Sciences' priority list for ERA funding for
FY 1975. The lagoons are slightly overloaded organically
and an additional 2.5 acres is needed. There is the need
for capability of series operation of at least three cells.
The capacity for holding winter flow appears to necessitate
another 121,933 cubic yards of storage. Disinfection of the
effluent may require a chlorination unit. A new collector
for an interceptor sewer is also needed. A total cost of
$223,200 will be needed to make these necessary improvements.
There is quite a population increase expected due to the
increased coal development in the area. This may require
additional improvements to ensure secondary treatment.

St. Xavier

The sewage treatment facility for the Community of St.
Xavier and the St. Xavier Mission School consists of gravity
mains, a two-pump lift station, and a two-cell lagoon with
approximately one acre of surface area. This system serves
an estimated population of 75 people. The discharge from this
system is directly to Rotten Grass Creek. The lagoons are
in very poor condition at this time. The second cell is not
being utilized, and the first cell is full and is discharging
continuously to Rotten Grass Creek. The surface area and
capacity of the lagoon system is such that with proper
maintenance no discharge should occur. The Community of St.
Xavier and the Mission School are on the Crow Indian Reserva-
tion. The community is mostly non-Indian, and because of
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the Mission School's religious affiliation, no funding is

possible through the U. S. Public Health Service. Funding
is possible through the U. S. Environmental Protection
Agency for the community but not the Mission School. An
estimated $2,500 will be needed to restore the lagoon system
to proper maintenance.

Park Dale Court at Fort Smith

The sewage disposal system for this trailer court consists
of gravity mains and a single-cell non-discharging lagoon
with approximately one acre of surface area. The lagoon was

designed to handle the population during the height of
construction of Yellowtail Dam. The decline in population
has resulted in the lagoon being oversized for the present
population and, thus, a non- discharging facility.

Yellowtail Dam Housing Complex

The sewage disposal system for this complex consists of

gravity mains discharging into a two-cell lagoon with a

total surface area of three acres. The system discharges
directly to the Bighorn River afterbay. The population
estimated to be served by this system is 175 people. The

system is satisfactorily organically and hydraulicly loaded.

The system may have to be modified to provide series opera-

tion of at least three cells and a chlorination unit to pro-

vide disinfection of the effluent. This will cost nn

estimated $10,000 to ensure secondary treatment. This is a

federal installation operated by the U. S. Bureau of

Reclamation and the waste discharge permit is under the

jurisdiction of the NPDES discharge permit program.

Yellowtail Visitors Center

The sewage disposal system for the Visitors Center is an

extended aeration plant. This unit consists of a bar

screen, aeration chamber, final clarifier with sludge

return, and overflow wier. The discharge from this system

is to Yellowtail Reservoir. The center is only open

during the summer months, and therefore, the system is not

in continuous use. The system should provide adequate

secondary treatment with the exception of disinfection.

Disinfection will require the addition of a chlorination

unit. This will cost an estimated $10,000. This is a

federal installation run by the U. S. Park Service, and the

waste discharge permit is under the jurisdiction of the NPDInS

permit program.
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Yellowtail Dam Power Plant

The sewage disposal system for the power plant is a small
extended aeration plant. This plant consists of a bar
screen, an aeration chamber, final clarifier with sludge
return, and overflow weir. The discharge from this system
is to the Bighorn River afterbay. The system has a contin-
uous discharge due to the continuous trickling of a water
fountain. This, also, provides dilution water for the
sewage. This system serves a population of approximately
50 employees and should provide adequate secondary treatment
with the exception of disinfection. A chlorination unit on
the effluent would ensure disinfection. This addition to
the system will cost an estimated $10,000. The Yellowtail
Dam Power Plant is run by the U. S. Bureau of Reclamation
and is, thus, a federal installation. The waste discharge
permit for this system comes under the jurisdiction of the
NPDES program.

Pryor

At the present time the sewage disposal system for the Town
of Pryor consists of individual septic tanks. The community
is on the Crow Indian Reservation, and funds have been made
available for construction of a community sewage disposal
system of gravity mains and a lagoon. At this time the
community is in the profcess of selecting a lagoon site.
These funds are from the U. S. Public Health Service,
administered by the Indian Health Service. There is a
substantial non- Indian population in the community, and it
is hoped that through a joint effort by the Indian Health
Service and the Montana State Department of Health and
Environmental Sciences that the community can be provided
with secondary treatment. Since the community is on an
Indian reservation, the waste discharge permit will come
through the NPDES Program.

The "Montana Water Pollution Control Program Plan" prepared
for EPA by the WQB, June 15, 1974, includes a priority
ranking for EPA sewage treatment construction grants,
bodge Crass, Hardin, Forsyth, Ashland, and Huntley are the
only municipalities in the Middle Yellowstone Basin on this
list. Ashland and Huntley do not presently have community
sewage systems and their priority is based on this need.
ith the exception of Pryor all the other communities in

t e Middle Yellowstone Basin with individual sewage systems
are not at present presenting a pollution problem. A
priority rating has been developed for the municipal dis-
chargers in the basin based on the same priority system
outlined in "Water Pollution Control Program Plan," WQB,
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June 15, 1974. Below is a ranking of the municipal dis-

chargers in the Middle Yellowstone Basin listed by priority;

Lodge Grass
Hardin
Forsyth

Crow Agency
Lame Deer
Hysham
Rosebud

St. Xavier
St. Labre

Yellowtail Dam Housing Complex
Ballantine/Worden

Yellowtail Visitors Center
Yellowtail Dam Power Plant

Colstrip
Ashland Mutual Self Help Homes

Muddy Creek Home Sites
Busby

Park Dale Court
Prairie Diner, Lounge, and Trailer Court

WATER TREATMENT PLANT DISCHARGES

Forsyth

There are no discharge treatment facilities for the water

treatment plant at Forsyth. The water treatment consists

of a presedimentation basin for primary settling. The mud

from this basin is cleaned once or twice a year by flushing

into the Yellowstone River. The filter backwash is dis-

charged into the Yellowstone River.

Hardin

There is no discharge treatment facility for the water

treatment plant discharge at Hardin. The filter backwash

is discharged into the city storm sewer which in turn

discharges into the Bighorn River.

St. Labre

The discharge treatment facilities for the water treatment

plant at St. Labre consist of a series of three settling

ponds. Sludge from the solids contact unit and filter

backwash is to the Tongue River. These settling basins are

dredged periodically and the dredgings piled along the banks

of the Tongue River.
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C'row Agency

Tlicrc -is no discharge treatment facility for the water treat-
ment plant discharge at Crow Agency. Sludge from treatment
unit and filter backwash are discharged directly into the
kittle Bighorn River.

Miles City

There is no discharge treatment facility for the water treat-
ment plant in Miles City. Settled sludge from presediment
basins and the flocculation chambers is discharged directly
to the Yellowstone River. Filter backwash is also discharged
into the river. A new plant is now under construction which
will have settling basins for these discharges.

INDUSTRIAL DISCHARGES

This section includes those industrial waste discharges that
are under state permit or are liable to be under the NPDES
or MPDES permit programs.

Soap Creek Association, Inc. - Soap Creek Oil Field

Tlie water treatment and discharge facilities at the Soap
Creek Oil Field consist of three skimming ponds in series
with the final discharge to Soap Creek. A second skimming
pond system is used, but the discharge from this system
is to a swampy area where it either evaporates or infiltrates
into the ground. When oil collects on these ponds, it has
been the practice to burn them off, so no oil runs into Soap
Creek. The system provides for settling, but no other
treatment is done on the discharge. This oil field is on the
Crow Indian Reservation, and therefore, the waste discharge
permit is under the jurisdiction of the NPDES permit pro-
gram. No permit has as yet been issued.

Westmoreland Resources Coal Mining Operation

The water treatment and discharge facilities for the coal
mining operation consistsof ditches forming a storm drainage
system for the mining area and a settling pond. Any water
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derived from the mining pits is pumped into the storm
drainage system. The system provides for settling but no
other treatment is done on the discharge. The discharge is
to Sarpy Creek and is intermittent in nature. A waste
discharge permit has been issued under the NPDES permit
program (MT- 0021229)

.

Peabody Coal Company

The water treatment and discharge facilities for the coal
mining operation consist of a series of settling pits.
The discharge from this pit goes to a rancher's stock
watering pond. Peabody has made a commitment to the
rancher to maintain an adequate water level in the stock
pond. There has been no discharge from this stock pond.
If in the future a discharge does occur from the stock pond,
a discharge permit will be required as the discharge will
enter Rosebud Creek via Miller Coulee. The discharge
permit would come under the MPDES permit program.

Decker Coal Company

The water treatment facilities for the coal mining operation
consist of a settling pond. Discharge from this pond enters
a marshy area which in turn drains to the Tongue River. The
system provides for settling as the only treatment before
discharge, which is intermittent in nature. Decker Coal
Company is under the NPDES permit program and will be shifted
to the MPDES permit program (MT- 0000892)

.

Forsyth Ready Mix

Water treatment facilities for the gravel washing operation
consist of a settling pond with a discharge channel. This

pond is actually a diked up channel of the Yellowstone River
which floods during high flow. There is a cut in the re-

taining dike which discharges directly into the Yellowstone
River. The company is in the process of building a new
plant which will contain a classifier that will remove
almost all the silt from the wash water. The water will
then enter the diked up river channel. The cut in the

retaining dike will be filled in. Since the river channel
floods during high flow, a discharge permit will be needed
and will come under the MPDES permit program. No discharge
permit has, as yet, been issued.
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AGRICULTURAL WASTE DISCHARGES

Extensive information regarding agricultural waste discharges is not

readily available but a variety of such discharges are known to be

present within the basin. Such discharges include irrigation return

flows, animal confinement facilities, and runoff from range and cultivated

land. The information contained in this report has been compiled from

data collected in conjunction with the Montana Pollutant Discharge

Elimination System and from limited field observations. The following

animal confinement facilities have received MPDES permits.

Treasure State Cattle Feeders - Permit No. MT- 0025329, issued July 2^, 1P74

Treasure State Cattle Feeders, Inc. proposes to construct a confined

livestock feeding operation having a capacity for 5,000 feeder cattle.

The proposed feeding operation encompasses approximately 50 acres and

would be located in the SlVh of the NE% of Sec. 17, T. 1 S., R. 54 1,.,

of Big Horn County, approximately two miles northeast of Hardin, Montana.

All surface runoff and manure from the feeding area will be contained in

one or more retention ponds which will be constructed on the natural

drainage at the lower end of the feeding area. The waste material which

accumulates in the retention ponds will then be removed by a floating

pump and disposed of on surrounding agricultural land. The solid material

which accumulates in the bottom of the retention pond will be periodical ly

removed and again spread on adjacent agricultural land. Waste material

will be hauled to adjacent agricultural land.

T-Bone Feeders, Inc. - Lot No. 2 - Permit No. Mr-0025311 issued Aug. 50, 1974

T-Bone Feeders, Inc. currently operates a confined livestock feeding

operation having a capacity for approximately 30,000 head of cattle at

their Lot No. 2 location. This feeding operation encompasses approxi-

mately 140 acres and is located northeast of Shepherd, Montana in the

SWh of Sec. 19 and the NWh of Sec. 30, T. 30 N. ,
R. 28 E., of Yellowstone

County. Extraneous drainage from the area above the feeding operation is

prevented from reaching the feedlot area by a water storage reservoir.

Surface runoff generated within the confined feeding operation is routed

through open channels to a large retention pond located southeast of

the feeding area. This retention pond has a storage capacity in excess

of 700 acre inches. The runoff which accumulates in this retention pond

is then disposed of as necessary on adjacent agricultural land. Waste

material is then removed from the feeding area itself twice per year

and again spread on agricultural land in the area.

Floyd Warren, Inc. Feedlot - Permit No. MT-0022543, issued Oct. 30, 1 974

Mr. Darroll Warren currently operates a commercial cattle feeding opcr.i-

tion having a total capacity for approximately 2,500 cattle. Tlic

operation is located in the VPi, NW%, Sec. 4, E^s, NEh, and the NEL ol the

SE% of Sec. 5, T. IS., R. 34 E.

,

of Big Horn County approximately five

miles southeast of Hardin, Montana. Foctraneous drainage is prevented

fron reaching the feeding area by a diversion structure constructed along
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the western edge of the feeding area. The contaminated surface runoff
will Ix' contained by retention structures which have been constructed
along tlie lower portion of the feeding area. The runoff which accumulates
in tlie retention structures will be disposed of by evaporation or by
pumping (xito adjacent agricultural land. Waste material which accumulates
on the feed lot surface is likewise removed and disposed of on surrounding
agricultural land.

Razor Creek Farms - Permit No. MT- 0029024, issued October 22, 1974

Mr. Timer Quanbeck currently operates an animal confinement facility
having a capacity for approximately 600 head of cattle. This feeding
oi)eration encompasses approximately 3 acres and is located northeast of
Shepherd, Montana in the NEk, SWh, Sec. 36, T. 3 N. , R. 27 E., of
VeJlowstone County. Foctraneous drainage is prevented from reaching
the 1 ceding area due to the flat topography of the feeding area and
access road. Minimal runoff should result from the area and any runoff
which would occur could be routed to adjacent agricultural land. This
ninorr should be contained on the applicant's property with little
])ossibility of ever reaching state waters. Waste material is removed
I'rom the feeding area twice per year and spread on agricultural land
owned by the operator.

A Ll£! I I'ropp and Sons Feedlot - Permit No. F-18-B, issued August 14, 1973

Mr. Allen Propp operates an animal confinement facility having a capacity
for approximately 1,000 head of cattle. This operation is located 1-1/2'
miles cast of Worden, Montana in the NW%, NE%, Sec. 32, T. 3 N. , R. 29 E.

,

ol Yellowstone County. Surface runoff is contained naturally on the
owner's property and should not contribute to water pollution. Waste
material is removed periodically to reduce odors.

Nayematsu Bros. Inc. Feedlot - Permit No. MT-0029028, issued Nov. 29, 1974

Mr. Yugo Nayematsu currently operates an animal confinement facility north
of Hardin, Montana having a capacity for approximately 950 head of cattle.
This I ceding operation encompasses approximately 3.5 acres and is located
in the SWh, SWi^, Sec. 4, T. IN., R. 33 E.

,

of Big Horn County. Extraneous
lb. I inage is pi evented from reaching the feeding area due to the topography
o\ the area and the access road on the west. Minimal runoff should result
(tom the area and any runoff which would occur is routed onto adjacent
ctopl.ind. This runoff should be contained on the applicant's property
witli little possibility of ever reaching state waters. Waste material is
removed from the feeding area once per year and spread on adjacent agri-
cultural land.

^

(he following animal confinement facilities within the basin are suspected
of having water pollution potential:

Owner or Operator
Approximate

Size
Approximate

Location

I’-Rone Feeders, Lot #1 15,000 beef 02N 27E lOAD
Scott Feedlot 30,000 beef OIS 29E 22-29, 34

02S 29E 3-9, 15, 16
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Approximate
Owner or Operator Size

Approximate
Location

Enzminger Brothers
Clyde Hawks, Inc.

Daniel Vogel
Rector Cattle Co.

1.000 beef
1.500 beef
3.000 beef
4.500 beef

2 mi. south of Hardin
near St. Xavier
02N 28E 13BB
02N 27E 15CB

Irrigation return flows are subject to MPDES permit requirements if

there is a point source discharge through a man-made or man-maintained
drainage system from 3,000 or more irrigated acres. The following
applications have been received in accordance with the MPDES Rule.

Applicant Name Location
Number of

Irrigated Acres
Estimated Return Flow in

Acre- Feet Per Year

Huntley Project
Irrigation District

Ballantine 27,000 35,000

Hysham Water Users'
Association

Hysham

Big Horn Low Line
Ditch Company

Hardin 6,000 15,000

Two Leggins Water
Users' Association

Hardin 21,700

The parameters to be monitored in conjunction with the permits and the

frequency of monitoring will be stated on the waste discharge permit.

NON- POINT SOURCES

Little consideration has been given to non-point sources in the past

because of the difficulty in their identification. Pollutants contri-

buted by these sources within the basin may be significant. Although

any one specific area of non-point waste may have a minor effect,

several such sources on a stream may produce water quality problems.

Non-point pollution arises from a variety of activities, including

agriculture, runoff from urban areas, construction projects, inadver-

tent spills, and natural phenomena.

Irrigation return flows from numerous small areas can exhibit this

cumulative effect on state waters. These flows are higher in total

dissolved solids and sediment and contain more nutrients and pesticides

than water applied to the field.

Runoff from pasture lands may carry animal wastes and sedimentation

to state waters. A number of pastures in the basin use streams as a

boundary. In many cases in these pastures there is no vegetation

on the stream bank or in the immediate floodplain due to livestock
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concentrating in these areas. As a result, there is no protection fromerosion due to irrigation, storm runoff, and high water. The use of
;mds in the basin that exhibit sparse vegetation due to fragile soils
lor pastures tends to amplify stream sediment in these areas.

Runofi from agricultural land where saline seep has been allowed todevelop presents another potential non-point source pollution problem.
Although only a few areas within the Middle Yellowstone Basin have beendefined strictly as saline seep areas, it is expected that the ongoingstudies will identify additional seep areas.

^ ^

Runoff from cultivated lands may present potential non-point pollutionproblems from fertilizers, pesticides, dissolved salts, and sediment.
Inci eased demand for food causes an increased demand for farm productsand this in turn leads to the use of more fertilizers and pesticidesto increase the yield on agricultural lands. Removal of brush andtrees from stream banks and the floodplain to increase stream accesscontrol weeds, and increase the amount of cropland causes increasederosion.

Community storm drain systems present another non-point pollution sourcedue to a variety of hazardous materials including: oil and greaLcolifoms, biologically oxidizable material, suspended solid!, plus
^^^e excluded stom drainag^om the NPDES program and they have been excluded from the MPDES ner-mit progr^. The impact of these discharges on water quality in tilMiddle Yellowstone Basin is probably significant.

^

stream bank riprapping are important non-point pollution problems. Increases in coal and energy related develon-ment in the basin will increase this type pollution Increases in
^

population project to occur in the basin will increase the number of

SysJeL?
"materials into surface or

Fn View of tlie lack of existing infoimation on non-point sources anv

If “ly be de“lopS’^

1 fftf? Wirfri
™ reviving waters and to their futGre

i't fOT ihe bafj
“natraint the following is the non-point priority

(1) agricultural non-point discharges,

(2) storm drains and urban runoff,

f3) construction projects (subdivisions, roads, bridges
riprapping etc.),

’ ^ ’

(4) accidental discharges (spills), and
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VI. WASTE LOAD ALLOCATION

All surface waters in the Middle Yellowstone Basin are
effluent limited segments and therefore no waste load
allocations have been made. As the limited data collected
during this basin study indicates, fecal coliform concen-
trations violate state water quality standards for several
streams at various times. The state standards for B-D^,

B-D2, and B-D3 surface water classifications, which all
surface waters in the Middle Yellowstone are classified,
allow for only 10% of the total number of samples collected
during any 30-day period to exceed 400 fecal coliforms
(F.C.) per 100 milliliters (ml). Below is a short list
showing streams, dates, and concentrations which are greater
than 400 F.C./lOO ml.

LOCATION DATE F.C./lOO

Pryor Creek at Huntley 6/6/74 1100
Ilay Creek near Pryor 5/15/74 >1000
East Fork Creek near Hardin 5/30/74 >1000
Yellowstone River at Huntley 8/8/72 2000
Pass Creek near Wyola 5/1/74 580
East Owl Creek near Lodge Grass 5/15/74 600
Soap Creek near St. Xavier 5/1/74 610
Rotten Grass Greek nr St. Xavier 12/20/73 2000
Rotten Grass Creek nr St. Xavier 5/1/74 900
Rosebud Creek nr Kirby 2/28/74 3000
Rosebud Creek at Busby 1/17/74 500
Lame Deer Creek nr Lame Deer 1/30/74 550
Pumpkin Creek nr Miles City 5/20/74 5000
Sarpy Creek blw Westmoreland 1/18/74 500
Armells Creek nr Forsyth 1/22/74 1100
Sweeny Creek nr Rosebud 1/21/74 460

These conditions are apparently created by non -point dis-
charges that were not clearly identified in this study.
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VI r. SURFACE WATER RESOURCES

The Middle Yellowstone River Basin contains nine sub-basins.
The major streams in these sub-basins are (1) the Yellowstone
River mainstem from the confluence of Pryor Creek to the
confluence of the Bighorn River, (2) Sage Creek, (3) Pryor
Creek, (4) Bighorn River, (5) Little Bighorn River, (6)
Yellowstone River mainstem from the confluence of the
Bighorn River to the confluence of the Tongue River, (7)

Rosebud Creek, (8) Tongue River mainstem from the Montana/
Wyoming state boundary to the confluence of Hanging Woman
Creek, (9) Tongue River mainstem from the confluence of
Hanging Woman Creek to the confluence with the Yellowstone
River. The U. S. Geological Survey has maintained numerous
stream flow gaging stations in or adjacent to the basin. At
the present time 26 of these stations are active. For many
of the streams in the Middle Yellowstone Basin, there are
considerable variations in the daily, monthly, and annual
discharge. Examining the stream flow data for the Yellow-
stone River at Billings and at Miles City shows that the
spring runoff originating within the basin prairie region
occurs between March and early May. A minor peak in dis-
charge in the Yellowstone is evident during this period.
A major portion of the annual flow occurs at this time for
various tributary streams of the Yellowstone, Bighorn, and
Tongue Rivers. For these rivers, the annual maximum flow
and the major portion of annual discharge occurs anywhere
from mid-June to mid-July. This is due to the runoff from
the mountain snow pack in the rivers' upper drainage. The
Bighorn and Tongue Rivers are regulated by reservoirs. The
remaining streams in the basin, however, may have their high
or even peak yearly flows in mid-winter due to Chinook
warming trends or in spring and summer due to heavy rain
storms, which is characteristic of a semi-arid prairie area.
Late winter to early spring is the period these creeks have
their principal flow. Sparse vegetation in a majority
of the basin and soils of low infiltration rates produce
conditions favorable for rapid runoff and rapid changes in
flow. Some of the figures in this section are schematic
diagrams of the major streams in each of the sub-basins in
the Middle Yellowstone River Basin. Table 7 summarizes stream
flow data for various streams in the Middle Yellowstone
River Basin.

SAGE CREEK SUB- BASIN

Sage Creek is the only perennial stream in this 210 square
mile sub-basin (Plate I and Fig. 1). The headwaters of Sage
Creek arise on the northern slopes of the Pryor Mountains
and the creek is fed by many springs in this area. Sage
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Creek arise on the northern slopes of the Pryor Mountains
and the creek is fed by many springs in this area. Sage
Creek travels east-northeast along the base of the Pryor
Mountains and then turns south flowing into Wyoming and
finally emptying into the Shoshone River near Lovell,
Wyoming. There are several reservoirs on the creek. Those
in the upper drainage are small and used for stock watering,
where as those in the lower drainage are somewhat larger and
provide water for flood irrigation as well as stock water-
ing. There are no active U. S. Geological Survey' flow gaging
stations in this sub-basin. The Survey maintained a gaging
station at Lovell, Wyoming, and near Deaver, Wyoming.
Figure 5 shows monthly mean discharge and an average monthly
mean discharge in cubic ,feet per second (cfs) for Sage Creek
near Lovell, Wyoming. This data is quite biased due -to

irrigation return waters from land irrigated by canals
diverting water from the Shoshone River (Ref. 26). Since
the Shoshone River in this area has such a high sediment
concentration, headgates are kept open, so they will not
become silted shut. Thus, except at relatively low flows
water is being diverted from the Shoshone River into Sage
Creek. For the period of record the maximum discharge was
1290 cfs and the minimum was 10 cfs. There is some flow
data on Sage Creek near Deaver, Wyoming, about 10 miles
upstream from Lovell, Wyoming. This station is also affected
by irrigation return flow from waters diverted from the
Shoshone River (Ref. 26). Flows were measured when samples
were collected on Sage Creek by the Water Quality Bureau of
the Montana State Department of Health and Environmental
Sciences in preparation of this study. The upper sampling
site was at Bridger Camp at the base of the Pryor Mountains.
The other sampling site was at the Montana/Wyoming state
boundary near Warren, Montana. These flows are cons idcrali J

y

less than those shown in Figure 5 (see the Water Quality
section)

.

PRYOR CREEK SUB-BASIN

There are five perennial streams in this sub-basin; East
Fork Creek, Hay Creek, East Fork of Pryor Creek, West Fork
of Pryor Creek, and mainstem Pryor Creek. All the other
streams are for the most part intermittent with most of

them being tributary to Pryor Creek in its lower reach,
below Pryor, Montana (Plate I, Fig. 1). The sub-basin is

approximately 610 square miles in size. With exception of

East Fork Creek all other streams originate at the base
of the northern slopes of the Pryor Mountains. East Fork
Creek originates in the badlands on the eastern side of

this sub-basin. Pryor Creek has the largest drainage area,

the others being tributaries. Pryor Creek flows northward
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2S0 -FIGURE 5

Table of monthly mean discharge and graph
of 10-year average monthly mean discharge
in cubic feet per second for Sage Creek
near Lovell, Wyoming. (Ref. 26)

(These data are for period of record.)
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iiicctinji the Yellowstone River at Huntley, Montana. The U.
S. Ceological Survey maintained a flow gaging station on
Pryor Creek near Billings, Montana, and measured flows at
West Buckeye Creek near Billings in 1969. The USGS also
maintains two gaging stations on Pryor Creek at and below
Pryor, Montana. Flows were determined by the Water Quality
Bureau when samples were collected on East Fork Creek, Hay
Creek, East Fork of Pryor Creek and Pryor Creek near their
respective confluences (see the Water Quality section).
These samples were collected by the Water Quality Bureau
of the Montana State Department of Health and Environmental
Sciences in preparation of this study. Figures 6 and 7
show the monthly mean discharge in cubic feet per second
(efs) for Pryor Creek near Billings, Montana, and at Pryor,
Montana. The maximum discharge observed at the Billings
station for the period of record was 1700 cfs and the
minimum was 0.0 cfs. For the Pryor station the maximum
discharge was 468 cfs and the minimum observed was 3.4
cfs. There are numerous diversions for irrigation above
both stations which affects the flow (Ref. 26, 28-34).
Extensive irrigation along Pryor Creek hinders any general
relationships to be drawn from the graphs of Figures 6 and
7. Also, adifferent set of years is involved in each
graph. As is expected the annual high flow on Pryor Creeknear Billings is larger than the high flow on Pryor Creek
at Pryor. The high flow period seems to occur earlier in
the year for the Billings station (February to March) than
for the Pryor station (May to June) . The peak flow at
Pryor seems to be dependent on the snow melt from the
I’ryor Mountains where as the peak flows near Billings are aresult of warming trends in late winter and early spring
causing runoff of the low lands in the Pryor Creek drainage,igure 4 is a schematic diagram of surface waters in thePryor Creek sub-basin.

\ I'.LLOWSTONE RIVER SUB-BASIN - PRYOR CREEK TO BIGHORN RIVER

In this 1520 square mile sub-basin the Yellowstone River
lows in a northeasterly direction (Plate I and Fig. 1).Ihere are a couple of perennial and many intermittent

streams in this area. Those creeks to the north of theYellowstone River have small drainage areas and are for themost part intermittent or ephemeral. Geological formations
segment of the basin do not transmit and store

signiticant quantities of groundwater. Consequently, thesestreams do not have a sustaining groundwater flow. Flow
in these streams is a direct result of snow melt or heavy

these creeks are used as return drains foraste irrigation water. Two creeks on the southside of the

Irl Arrow Creek,perennial. The remaining creeks on this north side are
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FIGURn; 6.

Table of monthly mean discharge and graph
of 6-year average monthly mean discharge
in cubic feet per second for Fryor Greek
at Pryor, Montana. (Ref. 28)
(Tliese data are for period of record.)
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Fi;iUH^ 7

Table of :nonthly mean discharge and graph
of /j-year average monthly mean discharge
in cubic feet per second for Pryor Creek
near Billings, Montana. (Ref. 26)

(Data illustrate t>qDical flow.)
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intermittent or ephemeral and exhibit the same flow charac-
teristics as those creeks north of the Yellowstone. Fly Creek
and Arrow Creek originate in the rolling foothills between
Billings and Hardin (Plate I). There is not much of a base
groundwater flow in their upper drainages, but their lower
drainage includes a surface water recharge area in the
forested hills along the Yellowstone River. Some of the
waste irrigation water from the Billings Bench Water
Association canal discharges into the Yellowstone River in
this area. There is one major water diversion dam on the
Yellowstone River in this segment, the Huntley Project
diversion dam, which irrigates land on the south side of
the Yellowstone River. There are several headgates and
numerous pumps for irrigation along the Yellowstone in this
reach. Waste irrigation return waters from these irrigation
systems empty into the Yellowstone via various drains in
this sub-basin and the adjacent Yellowstone sub-basin,
Yellowstone River Sub-basin - Bighorn River to Tongue River.
There are no active U. S. Geological Survey flow gaging
stations in this sub-basin. There is an active station at
Billings on the Yellowstone River which is representative
of the flow of the Yellowstone in this reach. Flow data
are available for Fly Creek near its confluence with the-
Yellowstone River at Pompeys Pillar, Montana. As was
mentioned in the Pryor Creek minor drainage basin, there is
some data on Pryor Creek near Billings, Montana. The
only flow data on Arrow Creek is that which was obtained
when water quality samples were collected by the Water
Quality Bureau of the Montana State Department of Health
and Environmental Sciences. The sampling station was near
Ballantine, Montana (see the Water Quality section).
Figures 8, 7, and 9 show the monthly mean discharge and the
average monthly mean discharge in cubic feet per second for
the Yellowstone River at Billings, Pryor Creek near
Billings, and Fly Creek at Pompeys Pillar. From this data,
it is apparent that Pryor Creek's and Fly Creek's contribu-
tion to the flow of the Yellowstone River is small,
usually amounting to less than one percent each. The flow
of Arrow Creek is small compared to that of either Pryor
Creek or Fly Creek and thus is insignificant to the flow of
the Yellowstone.

To date the record peak flow on Fly Creek at Pompeys Pillar
was 2680 cfs and the recorded low flow was 1.7 cfs (Ref.
28-34). For the Yellowstone River at Billings the peak
high flow recorded was 66,100 and the minimum flow recorded
was 430 cfs (Ref. 26-34).

Thus, the Yellowstone River provides by far the major sur-
face water in this sub-basin. The graphs of Figures 8, 7,
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FIGURI-J 8

I
Table of monthly mean discharge and graph

of l5-year average monthly mean discharge
in cubic feet per second of the Yellowstone
River at Billings, Montana. (Ref. 26, 27)

(Data for period illustrate typical flow.)
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FIGlfRli 9

Table of monthly mean discharge and graph

of L-year monthly mean discharge in cubic

feet per second for Fly Greek at Fompey's

Pillar. (Ref. 28)

(Tliese data are for the period of record.)
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and 9 show the high flows on Pryor Creek near Billings and
Fly Creek at Pompeys Pillar occur during February and March,
where as the peak flows for the Yellowstone in this sub-basin
occur during the period May through July. This is due to

the fact that the runoff from mountain snow pack in the
upper basin of the Yellowstone River generally governs its
peak flow period, however, the late winter and early spring
runoff from snow melt or heavy rains determine peak flow
periods for Pryor Creek near Billings and Fly Creek at
Pompeys Pillar. It is expected that Arrow Creek's flow
features would be similar to those of Fly Creek. Figure 14

is a schematic diagram of surface waters in the Yellowstone
River Sub-basin - Pryor Creek to Bighorn River.

LITTLE BIGHORN RIVER SUB-BASIN

This sub-basin is about 1030 square miles in size. It

contains four perennial streams of interest. The Little
Bighorn River has the largest drainage with the others. Pass,
Lodge Grass, and Owl Creeks, being tributaries. There are
several other creeks which have very small, if any, base
groundwater flow and their respective drainage areas are
very small (Plate I, Fig. 1). The Little Bighorn River
originates in the northeastern section of the Bighorn
Mountains in Wyoming. In its upper drainage, above the
confluence of Pass Creek, it is fed by many springs and
small creeks. For two of these creeks within Montana,
Ed's Creek and Spring Creek, there is some flow data
collected by the U. S. Geological Survey (Ref. 26 and 27).
In this portion of the Little Bighorn River's drainage, the
river flows northeasterly turning north at the confluence
of Pass Creek near Wyola, Montana. From Pass Creek down-
stream the Little Bighorn flows generally northward entering
the Bighorn River near Hardin, Montana. The U. S. Geological
Survey maintains flow gaging stations on the Little Bighorn
River at the Montana/Wyoming border, below Pass Creek near
Wyola, and upstream from its mouth near Hardin. They had
maintained a station near Crow Agency and have collected
sporadic flow data from several other places along the
river. Pass Creek originates in the eastern slopes of the
Bighorn Mountains in Wyoming. In Montana it flows mostly
northward emptying into the Little Bighorn River near Wyola.
There are no active U. S. Geological Survey flow gaging
stations on Pass Creek. The Survey had maintained a flow
gaging station on Pass Creek near Wyola. Flow data were
measured in Pass Creek when water quality samples were
collected by the Water Quality Bureau. as part of this study.

Lodge Grass Creek begins in the northeastern section of the
Bighorn Mountains in Montana just west-northwest of the
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Little Bighorn River drainage. In this area the creek is

fed by several springs and small streams. It flows
generally northeastward meeting the Little Bighorn River at
Lodge Grass, Montana. The Willow Creek dam or the Lodge
Grass Storage Reservoir is tributary to Lodge Grass Creek
and provides for flood control, water for irrigation, and
recreation. The reservoir is located in the middle of the
Lodge Grass Creek drainage separating the upper and lower
reaches. The U. S. Geological Survey maintains a flow
gaging station on Lodge Grass Creek about one-half mile
upstream from Willow Creek diversion canal. Stream flow
was measured in Lodge Grass Creek at Lodge Grass, Montana,
when water quality samples were collected by the Water
Quality Bureau (see the Water Quality section). Figures 10,

11, 12, 13, and 14 show monthly mean discharges and a graph
of an average monthly mean discharge in cubic feet per
second for the Little Bighorn River at the Montana/Wyoming
state line; Pass Creek near Wyola, Montana; Little Bighorn
River below Pass Creek near Wyola, Montana; Lodge Grass
Creek above Lodge Grass Storage Reservoir near Wyola,
Montana; and Little Bighorn River upstream from its mouth
near Hardin. For the Little Bighorn River at the state
line near Wyola, the maximum flow record was 2,730 cfs and

the minimum was 21 cfs. The maximum recorded flow for Pass

Creek near Wyola was 1150 cfs and the minimum was 0.0 cfs.

For the Little Bighorn River below Pass Creek near Wyola
the maximum recorded has been 3630 cfs and the minimum has

been 12 cfs. The maximum recorded discharge for Lodge Grass

Creek above the Willow Creek diversion near Wyola has been

1130 cfs and the minimum has been 3 cfs. For the Little

Bighorn River near Hardin the maximum recorded discharge has

been 4520 cfs and the minimum has been 0.2 cfs. There are

numerous headgates and pumps diverting water for irrigation

from these streams which affects the flow of the Little

Bighorn River from the state line to its confluence. Pass

Creek supplies a significant amount of flow to the Little

Bighorn River but usually no more than 301. Both Lodge

Grass Creek and Owl Creek contribute a significant amount

to the total flow of the Little Bighorn River but the net

contribution of these streams has not been determined.

The Little Bighorn River seems to provide the major portion

of water in this sub-basin.

The peak flow period for all the stations on the Little Big-

horn River occurs in June due to snow melt in the upper

drainage. Lodge Grass Creek also displays a June peak flow

period due to its extensive upper drainage in the Bighorn

Mountains. The peak discharge period for Pass Creek occurs

somewhat early in May, which may be attributed to the amount

of drainage area of Pass Creek on the slopes of the mountains,

low lands, and rolling hills. Figure 4 is a schematic dia-

gram of surface waters in the Little Bighorn River Sub-basin.
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FIGURE 10
Table of monthly mean discharge and graph
of l5-year average monthly mean discharge
in cubic feet per second for the Little
Bighorn River at the Montana/Wyoming state
border. (Ref. 26, 2?)
(Data for period illustrate typical
flow.)
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Water Year
1951

1952
1953
1951i

1955
1956

1957

1958

1959
1960
1961
1962

1963

1968

1965

Average

OCT NOV
76.5 70.1
88.5 78.6
70.3 58.9
71.9 68.7
69.8 60.8
72.9 61.1
67.3 60.5
99.1 83.2
70.2 66.0
82.8 69.5
68.0 57.2
68.5 58.9
72.1 68.0
85.5 75.5
.08 91.8
77.3 68.0

Dec jaw

62.7 60.9
65.5 62.2
61.8 60.8
62.8 58.8
58.9 50.5

58.0

58.0
57.5 89.5
71.5 61.1
60.6 56.5
68.5 57.2
52.3 50.5
51.7 88.3
56.5 83.6
63.3 66.2

85.6 78.7
61.9 56.7

fkb mar
50.1 58.1
58.3 56.0
58.5 59.2
58.1 58.0
56.8 53.9
53.5 58.5
52.5 52.6
55.3 58.2
57.9 57.2
51.8 58.7
52.3 88.6
50.8 53.0
60.5 57.1
65.6 66.5
66.8 bl.8

56.0 56.1

;AFR may
66.8 303

130 822

60.1

127
69.8 316
69.7 326
61.0 299
59.1 g28
63.5 382
65.9 182
71.5 186
50.7 212

119 331
69.7 807
81.1 829
85.9 318

71.3

296

JUN JUL
367 231
328 160
619 179
377 172
891 203
317 130
728 285
250 139
687 219
266 118
256 101
802 193
788 282

961 805
927 337

517 208

AUG SFT
133 93.3
107 80.9
105 82.8
88.7 78.5

106 80.7
91.1 77.0

158 115

97.3 79.8
118 89.6
86.7 69.8
69.8 67.9

115 86.1
128 99.2
171 129

189 122

118 89.8
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FIGURE 11

Table oT inonthly mean discharge and graph
of o-year average monthly mean discharge
in cubic feet per second for Pass Creek
near Wyola, Montana. (Ref. ?6)

(Data for period illustrate !

50.0 - flow.)
;
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Water Year OCT NOV !dec JAN FEB

1951 12.2 19.9 'lo.l ia.8 17.7

195;^ 19.9 2/4.6 ,13.8 11.

h

16.5

1953 12.

P

13.2 Il5.8 1/4.3 10.8

195ii 8.5? 16.2 Il9.9 20.7 31.2

1955 5.73 lh.3 15.5 11.

a

13.1

1956 1L.2 15.6 13.3 1/4.7 15.7

Average 111. 6 17.3 15.7 ia.6 Ib.l

MAR APR MAY JUN
i
JUL AUG Gl'T 1

55.0 20.9 12.1 38.7 33.5 11.5 1 G f

li0.2 80.2 90.1 39.7 18.5 7. 32 11. f

21.1 23.2 51.5 93.2 1/i.l 7. Lb 8.2;

18. /i hi.

6

65.

2

56.1 12./ J./iO ii.' I

18.1 83.9 81.0 8o.H 22.1 6. 76 9.

33.2 27.6 57.9 17.7 8./J1 2.67 7.

31.5 16.

2

65. 60.1 19.0 6.97
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Table of monthly mean discharge and graph
-of l5-year average monthly mean discharge
in cubic feet per second for Lodge Grass

1(30 'Creek near V.'yola, Montsuia. (Ref. 26, 27)
(Data for period illustrate typical
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Water Year OCT NOV DEC JAN FEB
1951 17.5 15.9 ia.7 13.8 15.2
1952 20. 3 17.5 16.0 16.3 13.3
195 '• 15.8 12.9 13.6 15.3 10.2
19Sa 15.8 17.1 17.9 12.6 16.8
1955 ia.2 13.5 10.9 8.87 9.68
1936 ia.5 13.2 11.5 12.7 11.8
1957 13.

a

13.2 10.9 9.16 ia.7
1 95(< 23.6 20.6 17.0 la.a 13.6
1959 17.5 16.9 16.6 11.7 13.

a

I960 19.5 17.7 16.6 15.7 12.

a

1961 11.5 10.7 9.19 9.97 9.7a
196? 12.9 12.8 10.6 11.7 16.8
196 3 15.1 ia.8 13.3 10.5 21.3
1961, 19.2 17.2 15.1 16.3 15.0
1963 30.3 26. a 2a.

0

22.2 25.6
Average 17.

a

16.0 ia.5 13. a ia.6

MAR afr MAY JUN JUL AUG SFT
17.7 16.5 83.2 117 6a. a 32.7 22.1
18.2 31.2 13a 110 37.9 23.2 18.3
la.i 16.8 a2.7 20a 50.2 23.5 16.9
lit. 9 27.0 86.5 110 a5.2 17.6 12.7
11.0 a?. 3 89.3 152 56. a 21.8 15.8
19.0 17.2 95.il 117 27.6 ia.9 11.7
11.9 2a. 8 93.7 356 81.6 37.3 27.8
15.0 18.6 203 108 a?. 3 22.6 17.0
21.3 21.5 53.5 317 60.5 25.2 i9.il

28.1 18.9 61.3 78.9 2a. 1 15.8 8.11
10. a 12.6 57.0 86.1 20.1 10. 3 18.0
13.6 35.5 113 ia5 50.5 22.3 17.1
13.6 5i.o 188 385 66.8 27.0 22.3
17.0 a5.7 ia7 aa5 176 83.3 80.1
23.7 55.5 109 317 89. a 35.0 29.9
16.6 29.0 loa 200 59.5 2a.

8

19.5
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' FIGURE 13

Table of monthly mean discharge and graph

500 -ol" l5-year average monthly mean discharge

in cubic feet per second for the Little

Bighorn River below Bass Greek. (Ref, 26, ?7)
550 for period illustrate typical

flow.)

500

U50 -

hOO -

350 _

300 -

250 ^
I

200 L

i

i

150 -

100 ^

i

50 ^

Water fear OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG .Sl'T

1951 112 106 101 100 100 I5b 108 268 U21 267 138 11 i

1952 IbO 133 91.3 66.3 98.5 ISI. 2b0 872 388 135 89.0 O/r.Q

1953 108 10b 106 10b 96.8 98.8 89.7 186 633 Ibl 05.8 77.2

1951 86.8 106 10b 88.7 99.5 96.2 131 356 350 123 70.6 61.8

1955 98.8 93.b 79.8 71.6 77.1 92.2 270 811 502 166 57.7 67.0

1956 100 10b 100 93.8 109 163 125 363 38b 87. h 59.5 69.7

1957 79. b 120 97.5 78.

b

105 103 152 389 1092 330 125 182

195« lUO 131 120 10b 107 105 118 885 292 158 8h.O 50.1

' 1959 97.5 118 121 "**“**”' — — — — — 62.8 75.3
' I960 122 l2b 111 85.3 91.9 210 122 158 203 57.8 88.

h

58.9
1 1961 88.8 92.5 87.2 85.5 90.2 76.9 63.1 162 201 58.2 23.8 88 .

9

1962 109 106 85.1 98.7 132 107 201 381 885 205 95.0 102

' 1963 123 109 95.8 78.8 230 102 251 652 1172 280 115 98.8
' 196b 103 126 105 10/ 103 118 281 607 1322 85h 37/ 15'"

1965 I5b 152 162 153 189 135 239 882 1023 355 135 15 i

Average ILO 115 lOh 93.5 115 122 1/1 3/5 557 199 90. ( 9U.O
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FIGURE 14.

gQQ Table of monthly mean discharge and graph

of 10-year average monthly mean discharge

in cubic feet per second for Little Bighorn

River near Hardin. (Ref. 26, 27)

(Oata for period illustrate typical

bOO flow.)
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VJater Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SPT

1956 112 130 12h 110 128 ai 2 212 389 377 85.0 27.8 61. 2

1957 67.6 129 lOU 89.9 266 213 282 a5o 1822 ai8 117 179
1958 163 168 lh2 13a 135 ia2 133 328 376 138 70.8 80. 3

1959 113 135 130 118 98.

a

503 22a 286 712 181 110 117
1960 lao i5o 12a 110 120 a77 16a 116 165 26.8 12.7 19. 1

1961 78.0 95.3 8h.8 86.9 106 92.7 5a.

8

71.9 117 8.5 2ij6 51. 2

196^ 113 115 68.7 82.1 221 197 255 387 532 168 77.1 117
1963 127 llh 95.6 80.9 25a 17a 360 82a 1898 282 96.7 122
196I’ 97.il 111 5 126 121 122 laa 506 8a 1 1873 718 282 215
1965 189 150 152 223 3ii6 535 7a8 668 lail aai 160 193
Average 120 133 115 116 180 289 29a 532 888 238 91.61 112



BIGHORN RIVER SUB-BASIN

Since November 1965 the flow of the Bighorn River in Montana
has been regulated by Yellowtail Reservoir. The data and
discussion presented here on this sub-basin concerns the
surface water of the Bighorn River system of Montana after
regulation by Yellowtail Reservoir. This sub-basin contains
approximately 2380 square miles in Montana. This area
includes that part of Yellowtail Reservoir in Montana
(Plate 1 and Figure 1). Crooked Creek, Porcupine Creek, Dry
Head Creek, Hoodoo Creek, Big Bull Elk Creek, Little Bull
Elk Creek, and Black Canyon Creek all flow into Yellowtail
Reservoir. With the exception of Hoodoo and Little Bull Elk
Creeks, there is some flow data available from the IJ . S.

Geological Survey. Crooked Creek flows south out of the
Pryor Mountains, enters Wyoming, and turns east cm]5tying
into Yellowtail near Lovell, Wyoming. The U. S. (loo logical
Survey flow data for Crooked Creek is available for December
1964 to September 1965. The maximum discharge during this
period was 1460 cfs and the minimum was 1.2 cfs (RcT. 27).
The origin of Porcupine Creek is in the Bighorn Mountains.
It flows down through Devil’s Canyon and enters Yellowtail
Reservoir near the Montana/Wyoming border. Flow data is

available for Porcupine Creek from the U. S. Geological
Survey for November 1964 to September 1965. During this
period, maximum discharge recorded was 1000 cfs and the
minimum 5.5 cfs (Ref. 27). Dry Head Creek originates in

the northeast portion of the Pryor Mountains, flowing
east to Yellowtail Reservoir. The U. S. Geological Survey
measured flows in this stream at a station about 23 miles
southeast of Pryor, Montana, from October 1965 until
September 1967. The maximum flow recorded during this
period was 1060 cfs; the minimum was 4.0 cfs (Ref. 27).
From December 1964 until September 1965 the U. S. Geological
Survey maintained a flow gaging station on Dry Head Creek
about 5.5 miles upstream from the previously described
station. Big Bull Elk Creek originates in the Bighorn
Mountains of Montana and flows generally northwest through
Big Bull Elk Canyon to Yellowtail Reservoir. The data
available from the U. S. Geological Survey for this stream
is for November 1964 to December 1967. During this period
the recorded maximum discharge was 210 cfs and the minimum
was 8.4 cfs (Ref. 27 and 28). The source of Black Canyon
Creek is also in the Bighorn Mountains of Montana. The
creek flows generally northwest to Yellowtail Reservoir
through Black Canyon. The U. S. Geological Survey maintained
two flow gaging stations on this creek. One was approximately
1.5 miles upstream from the Yellowtail Reservoir flow line.

The period of record for this station was October 1965 to

December 1967. The other was located about 7 miles upstream
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from the reservoir flow line, and the period of record was
October 1964 to September 1966. The maximum flow was re-
corded at the lower station and was 1100 cfs. The minimum
was recorded at the upper station and was^ 19 cfs (Ref, 27
and 28) . Flow measurements were obtained for all the
streams, including Hoodoo and Little Bull Elk Creeks, when
water quality samples were collected by the Water Quality
Bureau (see Water Quality section). Figure 15 shows the
monthly mean discharge and a graph of the average monthly
mean discharge in cubic feet per second (cfs) for the Big-
horn River near St. Xavier for the six-year period
(October 1967 - September 1972) since the flow has been
regulated by Yellowtail Reservoir. The U. S. Geological
Survey flow gaging station from which this data was obtained
is located below the afterbay diversion dam at Yellowtail
Reservoir; but the flow is both that of the Bighorn River
and the Bighorn irrigation canal. There are two small
creeks which flow into the river between the reservoir
discharge and the gaging station. Grapevine Creek and
Lime Kiln Creek. Both of these creeks have relatively small
drainages and their flows seem to be generally insignificant
in relation to the flow from the reservoir. Thus, the flow
(.lata of Figure 15 should be representative of the discharge
I'rom tlie reservoir. The maximum recorded discharge at this
station since regulation started has been 24,800 cfs and
tlic minimum has been 112 cfs. These both occurred in water
year 1967 and each subsequent year has shown lower maximums
and higher minimums. High annual monthly mean discharges
generally occur in June and July, with those in July being
slightly higher. August through November is the period of
lowest flows.

There are three major perennial streams (Soap Creek,
Beauvais Creek, and the Little Bighorn River) and two
ephemeral streams (Rotten Grass Creek and Tullock Creek)
which enter the Bighorn River between the flow gaging
station near St. Xavier, Montana, and the flow gaging
station at Bighorn, Montana. Soap Creek originates on the
northeastern slopes of the Bighorn Mountains in Montana.
The creek flows generally northward entering the Bighorn
l^ivcr about 4.5 miles below the Bighorn River gaging station
Jicai St. Xavier (Plate I). Figure 16 shows typical monthly
mean discharge and a graph of average monthly mean discharge
in cubic feet per second (cfs) for Soap Creek near its mouth
lupar St. Xavier. Ihe graph shows the high monthly mean
ischarge month to be May with significant discharges occur-

fing in February. This is consistent with a stream that has
both a mountainous snow pack runoff and a prairie runoff.
Ihere IS additional U. S. Geological Survey flow data avail-

for the period 1939-1953. The maximum recorded discharge
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for the period of record has been 2980 cfs and minimum has
been 1.0 cfs. The flow of Soap Creek generally amounts to
less than 5% of the flow of the Bighorn River in this area
(Ref. 20). Rotten Grass Creek, also, originates on the
northeastern slopes of the Bighorn Mountains in Montana. In

its upper drainage, the creek flows northeastward turning to

the north-northwest in its lower drainage and finally dis-
charges to the Bighorn River near St. Xavier. Figure 17

shows monthly mean discharge and a graph of average monthly
mean discharge in cubic feet per second for Rotten Grass
Creek near its mouth near St. Xavier. Like Soap Creek,
Rotten Grass Creek has both a mountainous drainage and a

prairie drainage. The graph of Figure 19 is characteristic
of this type of drainage with May being the high water month
but significant high flows occurring in March. The average
monthly mean flows during the high water month for Rotten
Grass Creek are about the same as those for Soap Creek, but

because of Rotten Grass Creek's ephemeral nature, monthly
mean low flows are lower than for Soap Creek. The recorded
maximum flow for Rotten Grass Creek has been 688 cfs and the

minimum is 0.0 cfs. The flow of Rotten Grass Creek is

usually less than 5 % of the flow of the Bighorn River in

this reach (Ref. 28). Stream flow was measured when water

quality samples were collected on Soap Creek and Rotten

Grass Creek by the Water Quality Bureau (see the Water
Quality section). Beauvais Creek has its source on the

northeastern slopes of the Pryor Mountains. The creek flows

generally eastward entering the Bighorn River near St.

Xavier. There is an active U. S. Geological flow gaging

station located about 14 miles upstream from the confluence

of Beauvais Creek and the Bighorn River. The location of

this station is in an area in which the drainage of Beauva i

s

Creek changes from a mountain slope to a prairie (Plate I).

Figure 18 shows monthly mean discharges and a graph of an

average monthly mean discharge in cubic feet per second for

Beauvais near St. Xavier. As the graph shows, high monthly

mean flows occur in May which is consistent with the type

of drainage area above the gaging station. The maximum

recorded discharge for Beauvais Creek at this station has

been 1600 cfs and the lowest flow has been 0.50 cfs.

Although no data has been found for the flow of Beauvais

Creek at its mouth, the flow is suspected to be generally

less than 5 % of the flow of the Bighorn River in this area

(Ref. 28). The flow from Soap, Rotten Grass, and Beauvais

Creeks probably adds a significant amount to the flow of

the Bighorn River below St. Xavier, especially in May. The

U. S. Geological Survey maintained a flow gaging station

on the Bighorn River at Hardin, but this was before the

regulation of flow by Yellowtail Reservoir. The Little

Bighorn River combines with the Bighorn River just noitli o
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FIGURE 15

Table of monthly mean discharge and graph

of 6-year average monthly mean discharge

in cubic feet per second for the bighorn

River near St, Xavier. (Kef, 28)
(These data are after regulation
by Ycllowtail Dam.)
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AUG SPT
1 967 1363' 1757 2835 1903 2215 2680 2326 2368 7019 18890' .8227 3021
1968 31hl 3596 8999 5267 8092 8355 3622 8209 8387 2883' 2320 3768
1969 3557 Itl?9 3939 3618 3783 8266 2181 1668 3108 8777 3578 3251
1970 3393 3087 3837 3968 3788 2088 1188 2377 5810 6770 2520 1972
1971 2571 3159 Ii0l8 3813 3538 8553 5581 6985 7962 5975 3387 2598
197? 51)4? 5073 8236 3999 8000 8615 6675 5055 6138 3932 3225 318Jj

Average 3198 3017 3910 3761 3569 3753 3582 3777 6336 7208 3203 2958
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FIGURE 16

Table of monthly mean discharg:e and

graph of 5-year average monthly mean
discharge in cubic feet per second
for Soap Creek near St. Xavier.
(Ref. 28)
(Data for period illustrate
typical flow.)
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V/ater Year OCT NOV |dec IJAN FEB MAR APR MAY JUN JUL AUG '

SJ’T

1968 2h.O 2h.5 16.3 ’ 19.6 38.2 38.6 35.6, 85.8 68.2 29.7 2ii.6 2i 1 .

8

1969 2ii.2 27.2 2h.6
1
19.5 21.3 I4 I .9 39.8' 38 .

8

67.5 85. 3 21.7 20.7

1970 25. li 26.9 21.1 23.7 36.9 19.5 82.1 187 68.7 38.5 27.9 ^0. ^

1971 32.5 31.6 23.1 29.8 61.8 36.8 57.5 88.8 3M 26.2 18.5 2', .8

1972 37.5 31.9 18.8 21.2 96.2 65.0 80. 3 8-^.1 31.2 2ii. 1 21.2 21. J

Average 28.7 28.14 20.8 22.7 50.9 86.3 51.0 71.5 53.7 12.8 23.2 28.
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FIGURE 17

fO.O "Table of monthly mean discharge and

graph of ?-year average monthly
mean discharge in cubic feet per

second for Rotten Grass Creek at

3t. Xavier. (Ref. 28)

(Data for period illustrate
typical flow.)
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Table oT monthly mean discharge and graph

of 6-year average monthly mean discharge

in cubic feet per second for Beauvais Creek
near St. Xavier. (.Ref. 28) (Tliesc daL;i arc for period ol rcroia
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Water Year OCT ^ NOV DEC JAN FEB
1968 6.97 6.99 3.39 9.a8 13.

a

1969 3.95 3.91 b.3P a . 01 3.21

1970 6.[j9 3.27 a. 33 3.81

1971 8.31: 7.31j 3.96 11.

a

27.

a

1972 36.2 12.1 a. 11 5.89 ay.

3

Average 12.2 7.81 a . 66 7.06 19.8

I

f

’~1

I
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11.8 9.63 23.1 a9.3 6. 21 3.63! a. 93

13.0 18.8 ia.3 33. a a?.

6

3.79 3.9'^,

12.

a

28.1 121 a2.9 17. Y 10.1 10. /i
:

18.7 3a.

9

36 . a 17.3 8.73 3. 18 7. 36
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23.8 27.8 30.9 36. a 17.1 6.(>6

- 76 -



FLW

IN

CUBIC

F££,T

PrP.

Sc-COND

(cfs;

FIGURE

Tnble of monthly mean discharge and graph

of 6-year average monthly mean discharge

in cubic feet per second for the Bighorn

River at Bighorn, Montana. (Ref. 28)
(These data are subsequent to regu-
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Hardin (Plate I). The flow of the Little Bighorn usually
amounts to less than 15% of the flow of the Bighorn River,
but this can be a significant amount especially in June
(see sub-section "Little Bighorn River Sub-Basin"). Tullock
Creek is the major stream entering the Bighorn River between
Hardin and Bighorn. The creek originating in the forested,
rolling hills between Hardin and Busby flows generally north-
northwest meeting the Bighorn River about 1.5 miles upstream
from the confluence of the Bighorn and Yellowstone Rivers
(Plate I). The total drainage area of Tullock Creek is
basically one of a prairie. This would indicate that high
monthly mean flows should occur in late winter or early
spring. Tullock Creek has a relatively large drainage area
and high flows are probably similar to those for Soap Creek,
Rotten Grass Creek, and Beauvais Creek. Due to the creeks'
ephemeral nature and significant diversions for irrigation,
there are probably more periods of no flow for Tullock Creek
than for Rotten Grass Creek. The only flow data available
seems to be that obtained by the Water Quality Bureau during
water quality sampling on Tullock Creek near Hardin and
Bighorn (see the Water Quality section). Figure 19 shows
typical monthly mean discharge and a graph of the average
monthly mean discharge in cubic feet per second for the
Bighorn River at Bighorn, Montana, since flow regulation by
Yellowtail Reservoir. This data was obtained from the U. S.

Geological Survey's flow gaging station located approximately
0.75 miles upstream from the mouth of the Bighorn River.
Both June and July are months of high monthly mean flow
for the Bighorn River at this station. The high flows in

June and July may be representative of the influence on flow
of the Little Bighorn River. The relatively high average
monthly mean flows for March are most likely attributable
to the extensive prairie drainage above this station. Since
November 1965 when the flow of the Bighorn River became
regulated by Yellowtail Reservoir, the maximum recorded flow
at Bighorn has been 25,200 cfs and the minimum has been 200
cfs. There is extensive irrigation all along the Bighorn
River which affects flow values. Figure 4 is a schematic
diagram of surface waters in the Bighorn River sub-basin.

ROSEBUD CREEK SUB-BASIN

The drainage area of Rosebud Creek is about 1270 square
miles. Rosebud Creek has its source in the Wolf and Rosebud
Mountains. In its upper drainage this stream is fed by many
springs and several small creeks. The Wolf and Rosebud
Mountains have a low altitude and low relief. They arc
forest covered but generally do not accumulate a significant
snow pack. The lower drainage is the larger portion of the
sub-basin and flow characteristics of Rosebud Creek are those
of a prairie drainage rather than that of a combined mountain-
ous and prairie drainage. There are no active U. S.
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(Geological Survey flow gaging stations in this sub-basin.
I'igurc 20 shows monthly mean discharges and a graph of
average monthly mean discharges in cubic feet per second
Tor Rosebud Creek near Forsyth. The data for Figure 20 was
obtained from a U. S. Geological Survey flow gaging station
which was located about five miles upstream from the mouth
of Rosebud Creek. As the graph indicates, high monthly
mean flows generally occur in March, which is consistent
with a ])rairie drainage. The maximum discharge observed
was 596 cfs and periods of no flow were recorded (Ref. 26).
There are some diversions for irrigation on Rosebud Creek.
There are no major tributaries to Rosebud Creek in the
sub-basin. Flows were measured when water quality samples
were collected by the Water Quality Bureau. Figure 4
is a schematic diagram of the surface waters in the Rosebud
Creek sub-basin.

TONGUE RIVER SUB- BASIN

This sub -basin is 3640 square miles in area. The Tongue
River originates in the eastern portion of the Bighorn
Mountains in Wyoming (schematic in Fig. 29). It flows
into Montana near Decker, Montana (Plate I). Figure 21
sliows typical monthly mean discharges and a graph of an
average monthly mean discharge for the Tongue River at the
Montana/Wyoming border. There are many small reservoirs on
the Tongue River drainage in Wyoming which tend to regulate
the flow at this station. The maximum flow recorded has
licen 7480 cfs and the minimum has been 3.9 cfs (Ref. 27).
Ihc graph of Figure 21 shows June to be the high monthly
mean flow month and November through January to be the low
monthly mean flow months. The Tongue River flows about
five miles in Montana before emptying into the Tongue
River Irrigation Reservoir. In the reach of the Tongue
River from the state line to the reservoir there are no
major tributary creeks. There is some peak discharge data
available from the U. S. Geological Survey on Spring Creek
which enters the Tongue River Reservoir near Decker. Spring
Creek has a relatively small drainage and is intermittent.
Mow data was taken on Deer Creek, a tributary to the Tongue
River Reservoir when water quality samples were collected by
the Water Quality Bureau, Montana State Department of Health
and Environmental Sciences (see Water Quality). Deer Creek
has a substantial drainage but is an intermittent stream.
10 U. S. Geological Survey has some peak discharge data on

U'af Rock Creek which empties into the lower end of the
longue River Reservoir. This creek has a relatively small
drainage area and is intermittent. Figure 22 shows typicalmonthly mean discharges and a graph of an average monthly
mean discharge for the Tongue River at the Tongue River Dam.
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The flow at this station is regulated by the reservoir. The
graph shows the high monthly mean discharge month to be June
with November through February being months of low flow.
This graph is approximately the same as the one for the
Tongue River at the state line with the exception of the
months of May and August. Both of these months show larger
values of discharge from the reservoir. Thus, the reservoir
has extended irrigation by making more water available
during these months. The maximum discharge recorded for this
station has been 7340 cfs and the minimum flow has been 0.0
cfs due to closure of the gates at the dam (Ref. 27)

.

Between the flow gaging station at the dam and the station
near Ashland on the Tongue River two major creeks enter the
Tongue River, Hanging Woman Creek and Otter Creek. The
U. S. Geological Survey has just initiated stream flow
stations on these creeks. The data is not yet published.
The station on Hanging Woman Creek is about one-half mile
upstream from its mouth near Birney and coincides with a
water quality sampling site of the Water Quality Bureau of
the Montana State Department of Health and Environmental
Sciences. Flow data was taken at this site when samples
were collected (see Water Quality). The Hanging Woman
Creek drainage begins near the Montana/Wyoming border and
runs generally north meeting the Tongue River near Birney
(Plate I). The creek is intermittent for most of its
drainage. The Otter Creek drainage also begins near the
Montana/Wyoming border, and runs generally north meeting
the Tongue River near Ashland. The U. S. Geological Survey
flow gaging station on Otter Creek is located near the mouth
at Ashland (Plate I and Figure 1). This station, also, is
a water quality sampling station of the Water Quality Bureau.
Flow data was obtained at this site when samples were
collected (see Water Quality) . There is some seasonal flow
data available for Stebbins Creek and Walking Horse Creek
which are intermittent tributaries to the Tongue River in
this reach. The U. S. Geological Survey maintains a flow
gaging station on the Tongue River near Ashland. This
station is located about 14 miles below the confluence of
Otter Creek. Figure 23 shows typical monthly mean dis-
charges and a graph of a six-year average monthly mean
discharge for the Tongue River near Ashland (based on USGS
data) . Average monthly mean discharge for the months of
April and August are higher than might be expected without
regulation provided by the reservoir. The higher average
monthly mean discharge for March can probably be attributed
to runoff from tributaries between the reservoir and the
gaging station near Ashland; especially Hanging Woman
and Otter Creeks. Since these creeks have prairie drainages,
they would be expected to have high discharges during this
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period. The recorded maximum flow for the Tongue River
near Ashland has been 5740 cfs and the minimum 50 cfs.
There is substantial diversions for irrigation above this
station (Ref. 27). There are many intermittent streams
having small drainage areas that are tributary to the
Tongue River below this station. In this final reach of
the Tongue River, there is only one major tributary,
Pumpkin Creek. Pumpkin Creek has a relatively large drain-
age, which parallels the Tongue River. The creek enters
the Tongue River about ten miles above the Tongue River's
confluence with the Yellowstone River near Miles City.
The drainage of Pumpkin Creek is one of a prairie nature
(Plate I). The U. S. Geological Survey maintains a flow
gaging station on Pumpkin Creek about two miles above its
mouth. As yet, there is no published flow data for this
station. However, this site was also used by the Water
Quality Bureau for water quality sampling and flows v/erc
determined each time samples were collected (see Water
Quality). It is likely that this creek is either intennit-
tent or ephemeral. Figure 24 shows typical monthly mean
discharge and a graph of average monthly mean discliarge
for the Tongue River near Miles City. The U. S. Geological
Survey station from which this data was compiled is located
approximately eight miles upstream from the mouth of the
Tongue River. Flows at this station are similar to those
near Ashland with the exception of a lower average monthly
mean flow in August. This is probably attributable to
irrigation diversions. The increased flow in the Tongue
River in March near Ashland (Fig. 23) probably is due to
inflow from a number of prairie- type tributaries. The
maximum flow recorded at this station has been 13,300 cfs
and the minimum has been 0 cfs (Ref. 27).

YELLOWSTONE RIVER MAINSTEM - BIGHORN RIVER TO TONGUE RIVER
SUB-BASIN

This sub-basin contains approximately 4060 square miles.
This reach of the Yellowstone is not truly a free flowing
stream. Regulation of the Bighorn River since 1965
significantly affects the flow of the Yellowstone in this
area except during the summer high flow period. Examination
of the tables of Figures 8 and 19 shows that the average
monthly mean discharge for the months of October, November,
December, January, February, March, and April are about
the same for both the Yellowstone at Billings and the Big-

horn at Bighorn. Thus, during this period of the year,

the Bighorn is providing about one-half the flow of the
Yellowstone below their confluence. In March the avcr;ige

monthly mean discharge in the Bighorn is substantially
larger than in the Yellowstone. As mentioned in the
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IFIGURE 22

jTablo of monthly mean discharge and graph
of 12-year average monthly mean discharge

I

in cubic feet per second for Tongue Hiver
at Tongue River Uam. (Ref. 26, 27)
(Data for period illustrate typical flows.)
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FIGURE 24

Table of monthly mean discharge and graph
of 12-year average monthly mean discharge

2.000 in cubic feet per second for Tongue River
near Miles City, (Ref. 26, 27)
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sub-section "Bighorn River Sub-basin," those streams with
considerable prairie drainage probably produce this flow
condition. There is some sporadic flow data available
from the U. S. Geological Survey on the Yellowstone at
Myers but this is prior to the regulation of the Bighorn
River. The only active U. S. Geological Survey flow gaging
station on the Yellowstone in this reach is at Miles City
below the confluence of the Tongue River. Between the
confluence of the Bighorn and Tongue Rivers, there are
five major streams entering the Yellowstone River; Sarpy
Creek, Greater Porcupine Creek, Little Porcupine Creek,
Armells Creek, and Rosebud Creek. Sarpy Creek originates
in the Little Wolf Mountains which are located about 50
miles south of the Yellowstone River (Plate I). These
mountains are basically hills of moderate to low relief.
They support some forest cover but do not accumulate any
snow pack. The creek runs northward meeting the Yellowstone
near Hysham. The U. S. Geological Survey has recently
established a stream flow gaging station about four miles
upstream from the mouth of Sarpy Creek but as yet no data
has been published. This site was also a water quality
sampling site for the Water Quality Bureau. Flows were
obtained each time water samples were collected from this
site (see Water Quality). Sarpy Creek has basically a
prairie drainage; thus high flows are expected to occur
in late winter or early spring. Great Porcupine Creek
drains a large desolate area north of the Yellowstone. It
IS an intermittent stream. Little Porcupine Creek, also,
has a large drainage area north of the Yellowstone (Plate
I). It is possible that this creek is ephemeral. There
are quite a large number of stock watering reservoirs on
these two creeks. Flows in these streams were obtained
each time water quality samples were collected by the Water
Quality Bureau (see Water Qual ity) . Armells Creek begins
in the Little Wolf Mountains. Its upper drainage is split
into the East Fork and West Fork of Armells Creek. The
stream flows generally north meeting the Yellowstone near
'Orsyth (Plate I). The U. S. Geological Survey has just
established a stream gaging station on Armells Creek just a
ew miles upstream from the mouth. Samples were collected
ly the Water Quality Bureau at a number of sites along Armells
reek and stream flow was measured each time samples were

collected (see Water Quality).

Rosebud Creek flows into the Yellowstone near Rosebud,
Montana. Rosebud Creek has its highest average monthly
mean discharge during March (Fig. 20). This is the period
in which It would have its greatest contribution to the
tlow of the Yellowstone in this reach but it generally
amounts to less than one percent of the Yellowstone. There
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are a number of intermittent streams of relatively small
drainage areas which discharge to the Yellowstone in this
reach. Individually, these streams between the confluence
of the Bighorn and Tongue Rivers, have insignificant flows
when compared to that of the Yellowstone, but collectively
it is possible that they may at times influence the total
flow of the Yellowstone. Since these streams have prairie
drainages their effect on the flow of the Yellowstone would
possibly be most significant during late winter and early
spring

.

Figure 25 shows the monthly mean discharge and an average
monthly mean discharge in cfs for the Yellowstone at
Miles City since regulation of the Bighorn by Yellowtail
Reservoir. Comparing this with Figure 24 which shows
similar data for the Tongue River near Miles City, they
have about the same basic monthly profile with the
exception of August. The flow from the Tongue is generally
less than six percent of the flow of the Yellowstone at
Miles City with the Tongue's largest contribution occurring
in March. Comparison of Figures 8 and 25 shows the high
average monthly mean discharges for the Yellowstone at
Miles City in March to be absent for the Yellowstone River
at Billings. Both the Bighorn and Tongue Rivers add
significantly to the flow of the Yellowstone downstream
from Billings during this period. Adding their flows to the
flow of the Yellowstone at Billings and comparing this to
the flow of the Yellowstone at Miles City, there" is an
unaccounted for increase in flow at Miles City. This is
most likely attributable to combined flows of tributary
streams and many small streams which have their high fJow
during this period. Maximum flow recorded for the
Yellowstone at Miles City since November 1965 has been
69,600 and the minimum has been 2,510. Both of these
occurred in the same water year as the recorded maximum and
minimum for the Bighorn since regulation by Yellowtail
(water year 1967)

.
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VIII. WATER QUALITY

There is little available water quality data on streams
other than the Yellowstone, Bighorn, and Tongue Rivers in
the Middle Yellowstone Basin. Table 8 gives a summary of
the type of water quality data available for the streams
in this lias in.

Concentration of dissolved constituents decreases with an
increase in stream flow. This is primarily due to the
dilution effect of water from runoff and snow melt. The
decrease in concentration, however, is not as much as
the increase in stream flow (i.e., an. increase in stream
flow by a factor of 10 may decrease hfie concentration of
constituents only by a factor of 2). Thus, the net result
of increased stream flow is an increase in total loads of
dissolved material.

Suspended sediment concentration increases rapidly with an
increase in stream flow. This is possibly due to a
combination of factors. Increase in flow is due not only to
larger stream cross sections but velocity of the water also
increases enabling a stream to erode at its banks and
bottom. During high flows, more loosely held sediment
is suspended and moved whereas during the recession period
of high flow most of this loosely held sediment has been
removed. Ihus, for a given stream a period of flow increase
causes a larger sediment concentration. Increase in sediment
concentration plus increased flow results in greatly in-
creased sediment loads in the streams during a high flow
jicr iod .

Since concentrations of dissolved and suspended material
in a stream are dependent upon the stream flow, averages
of concentrations derived from varied flows can be mis-
leading unless they are flow adjusted.

fable 9 shows mean values of common ions during high and
low stream flow conditions for several streams in the
Middle Yellowstone Basin with several years of record. For
stations on the Bighorn River, only water quality data
collected after regulation by Yellowtail Reservoir was
assessed. The Yellowstone River has the lowest concentra-
tions of the common ions and shows a sizable variation in
concentration from high to low flow. The Bighorn River
shows little variation in concentration between high and
low flow periods due to regulation of flow by Yellowtail
Dam. Concentrations of common ions particularly sulfate
in the Bighorn are considerably higher than those for the
Yellowstone River.
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The Tongue River is regulated but shows greater variation
in concentrations from high to low flow than does the
Bighorn River. There is possibly a couple of reasons for
this difference: (1) the discharge from Yellowtail Reser-
voir comes from waters about 150 feet to 200 feet below the
surface in contrast to the near surface withdrawal from the
Tongue River Reservoir; and (2) Yellowtail Dam provides
substantially more regulation than does the Tongue River
Dam. The average concentrations of common ions are generally
higher for the Tongue River than for the Yellowstone River
at Miles City. The exception is chloride. A unique
feature of the Tongue River is that on the average at low
flow conditions the mill iequivalence per liter of
magnesium is larger than that of calcium.

There is a general increase in average concentrations of
common ions for the Yellowstone River between Billings and
Miles City (Table 9), particularly below the confluence of
the Bighorn River. The Tongue River shows some sliglit
increases in the concentrations of the ions from the state
line to Miles City. As was pointed out in the Surface Water
Resources section, the flow of the Tongue River at Miles
City is generally most significant during June which
corresponds to its lowest concentrations but highest loads.

Fly Creek and Beauvais Creek display typical values of
smaller perennial streams in the basin. They are generally
quite high in the concentrations of the common ions,
especially calcium, sodium, bicarbonate, and sulfate.
Beauvais Creek, also, has relatively high concentrations
of strontium (Ref. 30, 53).

There has been quite an increase in water quality monitoring
within the basin because of the increase in coal related
development (see Related Investigations and Plans) . Most of
this work is being done by the U. S. Geological Survey,
Water Resources Division (USGS)

.

Data tables for each of the sub-basins discussed in this
section have data from both the USGS (Ref. 29, 30) and the
Water Quality Bureau (WQB) . Data up to 1973 was collected
by the USGS and data dated as of 1973 and 1974 was collected
by the WQB. The USGS data presented in these tables was
selected in order to present water quality at high flows,
low flows, and at warm weather low flows. This demonstrates
the flow-related variations in concentrations of the various
constituents. In addition, such a selection was necessary
given the large amounts of data available from the USGS for

certain sites. The WQB data is listed in the order of the
dates that the samples were collected. Values for the
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heavy metals obtained by the WQB can all be designated as
"total recoverable" (unfiltered and acidified)

.

SAGE CREEK SUB- BASIN

Streams in the Sage Creek sub-basin have been classified
as B-Di by the Montana State Department of Health and
Environmental Sciences (Appendix I). Sage Creek is the
principal stream in the sub-basin. All others are
tributaries to Sage Creek and have small drainage areas.
There is a lack of water quality data for this sub-basin.
The WQB established two sampling sites on Sage Creek; one
at the base of the Pryor Mountains near the Old Bridger
Camp and one in the lower drainage at the Montana/Wyoming
border near Warren (Plate I, Figure 1). There is some
water quality data available for the lower reaches of
Sage Creek in Wyoming from USGS sampling stations near
Deaver and at Lovell, Wyoming.

Concentrations of parameters for Sage Creek (Table 10) are
higher for those sites in Wyoming. Stations in Wyoming
are influenced by waters from the Shoshoni River. This
could possibly be the reason for the discrepancy. In

Montana, concentrations of the parameters in Table 10

increase slightly from the upper to the lower site. Sodium,
sulfate, chloride, and total suspended sediment show the

most significant increases. The sodium, bicarbonate,
sulfate, chloride, iron, total suspended sediment, and
calculated dissolved solids loads have been determined
for the sample collected on Sage Creek near Warren on

May 30, 1974. Those results are listed below:

Sodium (Na)
Bicarbonate (HCO 3 )

Sulfate (SO 4 )

Chloride (Cl)
Iron (Total recoverable) (Fe)

Total Suspended Sediment (TSS)
Calculated Dissolved Solids (CDS)

PRYOR CREEK SUB-BASIN

Streams in this sub-basin have been designated B-Di by the

Water Quality Bureau (WQB) of the Montana State Department

of Health and Environmental Sciences (Appendix I). Pryor

Creek is the principal stream in this sub-basin. Two

sampling sites were established by the WQB; an upper site

on Pryor Creek at Pryor, Montana, and a lower site at Huntley,

Montana. Minor streams sampled in this sub-basin by the WQB

were the East Fork of Pryor Creek, Hay Creek, and the East

7., 0 T/day
35., 0 T/day
29., 0 T/day
1 ., 5 T/day
0 ., 7 T/day

26., 0 T/day
480,. 0 T/day
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Fork Creek. Each of these streams were sampled near their
confluences with Pryor Creek (Plate I, Figure 1).

Table 11 shows typical chemical analysis of surface waters
in the Pryor Creek sub-basin. Table 11 shows that the
values of sodium, sulfate, chloride, and total suspended
sediment increase significantly for Pryor Creek from the
upper station to the lower station. Water at the upper
station is basically a calcium bicarbonate type whereas
at the lower station sodium, sulfate, and occasionally
chloride become prominent.

On January 16, 1974, the WQB made a water quality run on
the Pryor Creek mainstem. Samples were collected from
the upper and lower sites at Pryor and Huntley, and also
at three sites spaced somewhat strategically between. The
field data collected at these five sites included:

Q Flow in cubic feet per second (cfs)

,

T Temperature in degrees centigrade,
SC Specific Conductance in micromhos/cm at 25°C,
pH Standard units,

TSS Total Suspended Sediment in mg/1,
DO Dissolved Oxygen in mg/1.

This data is tabulated below:

Station ^

Pryor at Pryor 100
Pryor below Pryor 700
Pryor near Hardin 600
Pryor above Huntley 650
Pryor at Huntley 650

T D.O . pH TSS

4.0 11.5 450 8.3 108
0.0 11.5 780 8.2 —
0.0 11 . 5 430 7.8 906
1.0 11.5 470 7.6 1270
2.0 11.5 500 8 .

2

1100

Of the tributary streams. Hay and East Fork of Pryor Creek
seem to be high in total suspended sediment concentrations
All of the tributary streams. Hay, East Fork of Pryor, and
East Fork Creeks, have higher concentrations of sodium and
sulfate than does Pryor Creek at Pryor. Since the flow of
East Fork Creek is small compared to the flow of Pryor
Creek, loading due to East Fork Creek is not
significant. Loadings in tons/day of sodium, sulfate, and
sediment for Pryor Creek at Pryor, East Fork of Pryor
Creek, and Hay Creek based on the data collected May 15,
1974, are listed below:
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Site
Sodium
(T/day)

Sulfate
(T/day)

Total
Suspended
Sediment
(T/day)

Dissolved
Solids
(T/day)

Pryor Crk at Pryor 1.36
Past Pork Pryor Crk 14.70
Hay Creek 1.29
Pryor Crk @ Huntley 120

8.96 5.26 79.7
51.0 52.00 109.3
3.40 7.11 12.4

430 170 474.3

YPLLOWSTONE RIVER SUB- BASIN- - PRYOR CREEK TO THE BIGHORN RIVER

This sub-basin has been designated BrD 3 by the Water Quality
Bureau (WQB) (Appendix B) . The Yellowstone River is the
major stream in this sub-basin. The USGS maintained a
sampling station on the Yellowstone River at Custer in water
year 1970, at Huntley in water year 1972, and maintains
another at Billings. The Billings station is slightly
outside of the Middle Yellowstone sub-basin but is the major
stream entering the region. The WQB sampled the Yellowstone
River in this sub-basin at Huntley, Pompeys Pillar, and
Custer during water years 1967 and 1968. In addition, two
sampling sites were established by the WQB in water year
1974 on the Yellowstone at Huntley and Custer. Three minor
streams, all tributaries to the Yellowstone River in this
sub-basin, were sampled by the WQB; these were Pryor Creek,
Arrow Creek, and Fly Creek.

Sampling sites on Pryor Creek are those described previously.
The sampling site on Arrow Creek was near its confluence
with the Yellowstone while the sampling site established
on Fly Creek corresponded to the water quality sampling
site of the USGS on this stream. Water quality data
collected by the USGS in water year 1973 has not been
published to date.

Figure 26 includes a table of the monthly maximum and minimum
recorded water temperatures for the period of October 1968
to September 1972 plus a graph of the 5-year extreme
monthly maximum and minimum temperatures for the Yellowstone
River at Billings. Table 12 shows typical chemical analysis
of surface waters in the Yellowstone River sub-basin- -Pryor
Creek tothe Bighorn River. Quality data (Table 12) indicate
no drastic changes in concentrations of the specific
parameters for the Yellowstone River between Billings and
Custer although specific conductance and dissolved solids
show a slight increase. All three tributaries demonstrate
distinctly larger concentrations of dissolved constituents,
particularly sodium and sulfate, than the Yellowstone River.

- 99 -



FIGuRb 26
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Loads of selected parameters shown below are tabulated in
tons per day for the Yellowstone River at Billings, for
Pryor Creek at Huntley, and for Fly Creek at Pompeys Pillar.
Samples used in determining loads for each of these streams
were chosen at a period when the Yellowstone River had a
relatively low flow while the two tributary creeks had
relatively high flows. The sample collected on January 7,
1970, by the USGS on the Yellowstone River at Billings, the
sample collected on January 22, 1974, by the WQB on Pryor
Creek at Huntley, and the sample collected on January 30-31,
1971, by the USGS on Fly Creek at Pompeys Pillar were
used to determine the loads (see Table 12) . From this
information it seems that Pryor Creek could have a significant
influence on water quality of the Yellowstone River.

Daily loading in tons/day of listed parameter

:

HCO.-^ ^4 Fe TSS TDS FIX3W

Yellowstone River at
Billings 144 727 425 32 0.6 104 1350 1 330

Pryor Crk at Huntley 120 410 430 13 8.6* 170 1 1 8 0 580

Fly Crk at Pompeys
Pillar 38 85 94 4.0 0.2- 266

*total recoverable iron

LITTLE BIGHORN RIVER SUB-BASIN

The State Department of Health and Environmental Sciences has
designated the portion of this sub-basin including Lodge
Grass Creek as B-Dp. The remainder of this sub-basin has
been designated as B-D2 (Appendix I). The Little Bighorn
River is the major stream in this sub-basin and several
tributary creeks contribute significant amounts of water
especially during a high flow.

The USGS maintains two water quality stations on the Little
Bighorn River- -near Wyola and near Hardin. The USGS also had
a station at Crow Agency. The Water Quality Bureau (WQB)
established stations on the major tributaries to the Little
Bighorn River; they were Pass Creek, Owl Creek, and Lodge
Grass Creek. The WQB established sampling sites on Lodge
Grass Creek and on Pass Creek near their respective
confluences with the Little Bighorn. A sampling site was
also established at the mouth of Owl Creek; in addition, a

set of samples was collected from three of the foT-ks of Owl

Creek's upper drainage. Several minor tributaries of the
Little Bighorn River were sampled near tlicir con I 1 ucnccs -

-

Spring, Grey Blanket, and Reno Creeks (Plate I, lUgure 1).
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Table 13 shows typical chemical analysis of surface waters
in the Little Bighorn sub-basin. Specific conductance values
and dissolved solid concentrations are slightly higher for
the major tributaries and considerably higher for the minor
tributaries than for the river. This is most noticeable
sodium and sulfate. Pass Creek and Owl Creek are both
significant contributors to the suspended sediment loads
the Little Bighorn River during high flow periods. The
loads of selected parameters have been tabulated in tons
per day for the Little Bighorn River at the state line, for
Pass Creek near Wyola, and for Owl Creek near Lodge Grass.
Since these streams have their peak runoff in the spring,
data collected during this period was used to determine
the loads. Loads summarized below were determined from
samples collected in May, 1974. Tributary creeks have a
significant effect on water quality in the Little Bighorn
River

Load in tons/day

SO 4 TSS TDS

Little Bighorn River at state line 0.8 7.4 5.3 150
Pass Creek near Wyola 7.6 29 72 150
Owl Creek near Lodge Grass 5.6 16 17 75
Lodge Grass Creek near Lodge Grass 2.7 11 1 2 5

Table 13 shows a general increase in the concentrations of
dissolved constituents for the Little Bighorn River mainstem
from the state line to Hardin. This is indicated by an
increase in sediment, specific conductance, and calculated
dissolved solids. Sodium and sulfate show the largest
increases

.

Figure 27 includes a table of the monthly mean sediment
concentrations for the Little Bighorn River near Hardin.
An interesting feature is the high concentration in early
spring rather than during the peak runoff. This suggests
that the relatively high flows created by runoff from the
prairie drainage during early spring produce the higher
concentrations of suspended sediment. The larger loads,
however, probably still occur during the peak runoff period
due to high flows.

Figures 28 and 29 include tables of monthly maximum and
minimum recorded temperatures and graphs of 3-year extreme
monthly maximum and minimum temperatures for the Little
Bighorn River near Wyola and for the river near Hardin.
On the average, it appears that higher water temperatures
are experienced at the lower station.
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Table of "lonthly maximuin and minimum recorded
temperatures and graph of Wyear extreme monthly
maximum and minimum recorded temperatures in °C
for the Little Bighorn River near Hardin. ^.Ref. 30)
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Table ol monthly maximum and minimum recorded
temperatures and graph of 3-year extreme monthly
maximum and minimum recorded temperatures in ou
for the L.ittle Bighorn River near Wyola, (Ref. 30)
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BICIIORN RIVIiR SUB -BAS IN

Tlie Montana State Department of Health and Environmental
Sciences has designated the Bighorn River drainage above
hut excluding Williams Coulee near Hardin as B-D]^. The
remainder of this sub-basin has been designated as R-D 2 .

The upper reaches of the Little Bighorn River have been
designated as B-D^ with the lower reaches classified as
B-D 2 (see Appendix B)

.

Surface water quality of Yellowtail Reservoir has been
studied extensively (Ref. 16, 34). The Water Quality Bureau
sampled six perennial creeks which dradn into the reservoir
in Montana--Black Canyon, Little Bull Elk, Big Bull Elk,
Porcupine, Dry Head, and Hoodoo Creeks. Another stream.
Crooked Creek, has the majority of its drainage in Montana
but enters the reservoir in Wyoming.

The four creeks which flow out of the Bighorn Mountains
seem to have generally good quality water (Table 14A)

.

These are Black Canyon, Little Bull Elk, Big Bull Elk,
and Porcupine Creeks. Specific conductance values were
less than 350 umhos/cm @ 25°C. Concentrations of dissolved
constituents in these creeks were well within the yearly
variations documented for the reservoir (Ref. 16). Of
particular interest are sulfate concentrations which were
considerably lower for these streams. The remaining
three streams flowing out of the Pryor Mountains - -Hoodoo

,

Dry Head, and Crooked Creek- -had higher conductivities
which indicates larger concentrations of dissolved
constituents. Dry Head and Hoodoo Creeks had significantly
higher concentrations of calcium, sulfate, and sediment.
With the exception of Crooked Creek, all these streams are
accessible only via Yellowtail Reservoir and boat.

Table 14A shows water quality data for those six streams
influent to Yellowtail Reservoir in Montana. Water quality
data for Crooked Creek is on Table 14 in the tributaries
section.

The uses maintained water quality stations on the Bighorn
near St. Xavier (Yellowtail Reservoir discharge) and at
Hardin. The USGS also maintains a station at Bighorn. The
WQB collected occasional samples at the previously maintained
uses site at Hardin and at the USGS site at Bighorn. The
major tributary to the Bighorn River is the Little Bighorn
River. Both the USGS and the WQB sampling sites on the
Little Bighorn River hav e been discussed in the previous
sub-section. Little Bighorn River sub-basin. The remaining
tributaries of importance to water quality in the Bighorn
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Table 14A

Water quality of influent streams to Bighorn Lake (May 4-5,
1974) . 1—Dry Head Creek; 2~Hoodoo Creek; 3—Porcupine Creek*
4-Big Bull Elk Creek; 5-Little Bull Elk Creek; 6-Black Canyon
Creek.

Site Flow Temp pH DO BOD
1 . 23 13 .0 8.10 700 563 9.8 1.6 4 30 80
2 . 6 11 .0 8.30 939 764 10.2 2.0 3 11 35
3 . 58 11 .0 8.30 307 243 11.2 2.2 0 7 16
4 . 72 10 .0 8.30 327 265 10.1 1.3 0 2 7
5 . 12 9 . 0 8.38 343 283 11.1 2.1 0 2 6
6 . 168 7 .5 8.41 330 278 11.1 2.0 0 2 6

Site Ca Mg Na K T.H. HCO^ CO-q T.A. SO 4 Cl F
1 . 90 32 13 358 224 0 184 202 1.4
2 . 141 40 13 516 185 5 160 378 1.8
3 . 46 9 6 152 149 2 126 29 1.6
4 . 44 15 1 172 190 6 165 8 0.6
5 . 49 14 1 182 205 6 178 7 0.3
6 . 45 16 1 177 200 0 164 8 6.6

Site NO 3 PO 4 Fe Mn Cu Zn Cd Hg SAR
1 . 0.21 <. S 3 0.75 0.07 <.01 0.01 <. 001 <.001 0 . 3
2 . 0.50 <. 03 0.30 0.02 <.01 0.02 <. 001 <.001 0 . 2
3 . 0.12 <. 03 0.18 0.01 <.01 <.01 <. 001 <.001 0 . 2
4 . 0.41 <. 03 <.01 0.01 <.01 0.01 <. 001 <.001 0 .0
5 . 0.21 <. 03 0.05 <.01 <.01 <.01 <. 001 <.001 0 .0
6 . 1.1 0 . 12 0.01 <.01 <.01 <.01 <. 001 <.001 0 . 0

CDS - calculated dissolved solids
F.C. - fecal conforms
T.H. - total hardness
T.A. - total alkalinity ^
k25 specific conductivity in micromohs/cm @ 25 C
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liiver are Soaii, Rotten Grass, Beauvais, and Tullock Creeks.
Tiie uses maintains a sampling station on Beauvais Creek
aliout 14 miles above its confluence with the Bighorn River.
I'he WQB established sampling sites on the three remaining
streams at their respective confluences with the Bighorn
River. A site was also established on the upper reach of
Tullock Creek near Hardin (Plate I, Figure 1).

Table 14 shows typical chemical analysis of surface waters
in the Bighorn River sub-basin. Only data on the Bighorn
River mainstem after regulation by Yellowtail Reservoir has
been considered. The data for any one station on the Big-
horn River shows very little variatioav in concentration
with changes in flow. This is probably due to the fact
that the variation in flow is relatively small and that the
water being discharged from the reservoir is not taken from
the surface but approximately 150 feet below the surface.
A characteristicly high sulfate concentration is present in
the Bighorn River. Chloride concentrations are also high as
compared to the Little Bighorn River sub-basin.

There is little change in the concentration of dissolved
constituents from the station near St. Xavier to the station
at Bighorn. This indicates that streams tributary to the
Bighorn River generally have a negligible effect on the
water quality of the Bighorn. There is an apparent increase
in the concentration of suspended sediment between these two
stations which could possibly be due to the combined effects
of the tributary streams.

I'igures 30 and 31 include tables of the monthly maximum and
minimum recorded temperatures and graphs of the extreme
monthly maximum and minimum recorded temperatures for the
Bighorn River near St. Xavier and at Bighorn. These figures
show that the monthly maximum temperature increases from
the upstream station to the downstream site. Variations in
extreme monthly maximum and minimum temperatures are smaller
for the upstream station than the downstream station. Also,
at the upstream station near Yellowtail Dam, extreme monthly
minimum temperatures apparently do not reach 0°C in the
winter. This is consistent with the fact that the water
discharged from the reservoir is taken from below the water
surface

.

Figure 32 contains a table of the monthly mean suspended
sediment concentrations in mg/1 for the Bighorn River at
Bighorn. There seems to be a period in the early spring when
runoff from the prairie portion of the drainage causes a
slight and temporary increase in the sediment concentration
of the Bighorn River at Bighorn. A similar case was observed
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for the Little Bighorn River. However, maximum mean monthly
concentrations in the Bighorn River apparently occur when
tributary streams from mountainous drainages have their
peak runoff (May and June). For the Little Bighorn, peak
sediment loads occur in March correlated with the prairie
runoff.

Rotten Grass, Beauvais, and Tullock Creeks have higher
specific conductivities than the Bighorn River (Table 14).
This shows higher concentrations of dissolved constituents
in these tributaries. General concentrations of common
ions are larger in tributary streams than the Bighorn
River. Dissolved constituents with high concentrations
are calcium and sulfate in Rotten Grass Creek; calcium
strontium, and sulfate in Beauvais Creek; and sodium,
alkalinity, and sulfate in Tullock Creek. Concentrations
of common ions are lower in Soap Creek and in the l.ittle

Bighorn River than in the Bighorn River. Suspended
sediment concentrations are significant during runoff
periods for all the tributaries.
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ROSHRUl) CRHfiK SUB- BASIN

The Montana State Department of Health and Environmental
Sciences has classified waters in this sub-basin as B-D 3 .

Rosebud Creek is the major stream in this sub-basin. The
Water Quality Bureau established six sampling sites on
Rosebud Creek to obtain data for this study. These were
south of Kirby, at Busby, south of Colstrip, east of Col-
strip, south of Rosebud, and near Rosebud. Tributaries
to Rosebud Creek sampled by the Water Quality Bureau were
Indian Creek, Davis Creek, Muddy Creek, and Lame Deer Creek.
Only one sampling site was established on each tributary
stream near its confluence with Rosebud- Creek (Plate I,
Figure 1 )

.

I'ablc 15 shows typical chemical analysis of surface waters
in the Rosebud Creek sub-basin. Specific conductance
increases from the upstream to the lower stations. For
samples collected on the same day a much higher value
in flow was measured at the Busby station than expected from
that measured south of Kirby. There may be significant
amounts of groundwater entering the stream in this reach
which would account for the increase in specific conductance.
Davis Creek enters Rosebud Creek in this reach near Busby
but its flow is too small to account for all of the in-
crease in specific conductance.

The increase in concentration of the common ions in moving
downstream along Rosebud Creek are not very distinct for
any particular ion. There is a possible increase in sodium,
magnesium, sulfate, and chloride. One interesting feature
ol many samples collected on Rosebud Creek is the higher
mill iequivalence per liter of magnesium than of calcium.
Ihis is also true for all of the samples collected on the
tributaries with the exception of Indian Creek. Indian
Creek is the only tributary sampled whose general water
quality is better than that of Rosebud Creek. Indian Creek
IS in the upper drainage of Rosebud Creek. The remaining
tributaries sampled have specific conductances significantly
higher than Rosebud Creek. The associated higher concentra-
tions of common ions are magnesium, sodium, bicarbonate,
sulfate, and chloride.

There is a definite increase in sediment concentrations from
the upper station on Rosebud Creek to the lower station.
Loads for various parameters are tabulated in tons/day forall of the stations sampled in this sub-basin. These aresummarized below. Except for Lame Deer Creek and Indian
iQ 7

^^’ other samples were collected on April 30,
• I he samples from Lame Deer Creek and Indian Creek
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that were used to determine their loads were collected on
March 4 and May 1, 1974, respectively.

Load in tons/day

Stream § Site Na HCO, SO 4 Cl TSS TDS

Indian Creek
S of Kirby 0.9 0.3 7.7 1.1 0.04 1.6 11
Rosebud Creek
S of Kirby 3.3 1.0 23 7.2 0.10 1.7 39
Davis Creek
near Busby 0.7 0.8 3.4 2.5 0.04 0.1 8 . 0

Rosebud Creek
near Busby 10 4.8 74 20 0. 50 44 122
Muddy Creek
E of Busby 0.8 0.7 3.7 2.8 0.02 0.02 8 . 6

Lame Deer Creek
near Lame Deer 0.5 0.4 3.0 1.1 0.05 0.06 5.6
Rosebud Creek
S of Colstrip 16 11 89 45 0.75 122 181
Rosebud Creek
E of Colstrip 14 9.7 76 42 0.68 113 158
Rosebud Creek
S of Rosebud 16 13 87 51 1.0 118 185
Rosebud Creek
near Rosebud 14 10 70 43 0.44 91 150

TONGUE RIVER SUB-BASIN

The Tongue River drainage from the Montana/Wyoming border
to but excluding Prairie Dog Coulee has been designated
B-D 2 by the Montana State Department of Health and Environ-
mental Sciences. The remainder of the sub-basin is designated
as B-D 3 (Appendix B)

.

The uses maintains water quality stations on the Tongue River
at the state line and at Miles City. The USGS station on the
Tongue River Irrigation Reservoir discharge is now discon-
tinued. Several new water quality stations on the Tongue
River are expected to be established in the near future by
the USGS. The Water Quality Bureau established sampling
sites on the Tongue River upstream from the Montana/Wyoming
state line above the reservoir, on the Tongue River Reservoir,
below the reservoir discharge near Birney, and at Ashland.
Several samples were also collected by the Water Quality
Bureau at the USGS stations.

There are three major tributaries to the Tongue Rivcr--
llanging Woman, Otter, and Pumpkin Creeks. Tlic USGS maintains
water quality stations on Hanging Woman Creek and Otter Crock
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near their confluences with the Tongue River. These stations
were established only recently and no data has been published
for the sites. As a result, the Water Quality Bureau
established sampling stations on both of these creeks at
the current USGS sites in addition to upstream stations on
each stream. A sampling station on Pumpkin Creek was
established by the Water Quality Bureau at the USGS stream
flow station near the creek's mouth near Miles City. The
Bureau also established an upstream site on Pumpkin Creek
near Volborg.

A few minor streams were sampled in this sub-basin in
addition to those noted above. They were Youngs Creek
near Decker, Squirrel Creek at Decker, Deer Creek near
Decker, Stroud Creek near Otter, Logging Creek near Ashland,
Cow Creek near Ft. Howe, and Little Pumpkin Creek near
Volborg (Plate I, Figure 1).

Unlike the reservoir on the Bighorn River (Yellowtail
Reservoir), no extensive water quality study has been made
on the Tongue River Irrigation Reservoir. A water quality
and ecological study is planned for this reservoir as a part
of the EPA's National Eutrophication Study.

Table 16 lists the typical chemical analysis of the surface
waters in the Tongue River sub-basin. With the exception
of samples collected from Logging and Cow Creeks, all samples
collected on the tributary streams of the Tongue River, both
major and minor, show high specific conductances ranging
from 975 to 6570 micromhos/cm at 25°C. Like waters in Rose-
bud Creek sub-basin, samples on the tributary streams had
generally higher milliequivalencies of magnesium than for
calcium. Concentrations of the common ions for these
samples tended to be quite high. There is a general decrease
in the concentrations of the dissolved constituents for each
of the major tributaries from their upstream to their down-
stream station. Sodium and sulfate concentrations are
quite high for these creeks even at runoff periods relative
to the Tongue River. Flows of both the major and minor
tributaries are usually at least two orders of magnitude
less than that of the Tongue River. As a result, these
streams are not likely to produce a significant load in an

independent sense but collectively they probably degrade
waters in the Tongue River. This may be especially evident
during the high flow periods of the tributary streams which
do not correspond to a high flow period for the Tongue
River (early spring for the former versus June for the

latter)

.

Specific conductance values for the Tongue River at the

state line vary with flow from around 300 to 1000 umlios/cm
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at 2S°C. The values of specific conductance for the Tongue
River at Miles City seem to vary from around 500 at high
flows to 1100 at low flows. This would indicate a slight
increase in the concentration of dissolved constituents.
This slight increase is due to increased concentrations of
sodium and sulfate at low flow periods. For the samples
collected on the Tongue River at relatively low flows, the
m i 1

1

equivalents of magnesium were generally equal to or
greater than that for calcium.

Loads for the three major tributaries have been determined.
The data used was that collected at their respective
confluences during a relatively high fTow. As was mentioned
in the Surface Water Resources section, there is a relatively
higli flow period in early spring on the Tongue River which
is probably due to above average runoff in these tributary
streams. The loads of selected parameters for these major
tributaries are tabulated below along with loads for a
sample taken in early spring on the Tongue River below the
reservoir

.

Load in tons/day

Stream ^ Site Ms HCO 3 SO 4 TSS TDS

Tongue River
below Reservoir 28 33 140 158 3. 5 410
Hanging Woman
Creek at Birney 2.1 5.5 10 18 1 . 0 37
Otter Creek
near Otter 2.7 7.1 10 21 0.3 45
Pumpkin Creek
nr Miles City 4.5 55 5.3 108 120 220

Figures 33 and 34 include tables of the monthly maximum and
minimum water temperatures and graphs of five-year extreme
monthly maximum and minimum water temperatures for the Tongue
River at the state line and at Miles City. Of interest is
the extreme monthly temperatures for January of 0°C for the
Tongue River at Miles City.

YELLOWSTONE RIVER SUB - BAS IN- - BI GHORN RIVER TO TONGUE RIVER

This entire sub-basin has been designated as B-D 3 by the
State Department of Health and Environmental Sciences
[Appendix B). The USGS has maintained a water quality
station at Miles City on the Yellowstone River. Several new
stations are expected to be installed by the USGS in the
next year on the Yellowstone in response to coal developments
at Lolstrip. The Water Quality Bureau (WQB) sampled the
Yellowstone River at Myers, Forsyth, Rosebud, and Miles City.
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FIGURIO 33

30.0 Table of monthly maximum and minimum recorded
temperatures and graph of 5-year extreme monthly
maximum and minimum recorded temperatures in °G
for the Tongue River near State line. (Ref. 30)

10.0

Water ifear OOT hOV PEG JAN FEB
1968 'Ih 5 1 2 2

6 1 1 1 1

1969 Ih.O 6.0 1.0 1.0 1.0
li.O 1.0 1.0 1.0 1.0

1970 Dj.O 7.0 5.0 0.0 5.0
3.0 0.0 0.0 0.0 0.0

1971 11.5 7.0 2.5 2.0 h.O
3.0 0.0 0.0 0.0 0.0

1977 70.0 10.0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0

MAR APR MAY JUN ,JUL AUG Si'T

10 13 16 17 25 25 20

1 2 10 10 13 15 12

3.0 17.0 16.0 70.0 26.0 25 .

0

22.0
1.0 3.0 7.0 10.0 17.

0

18.0 i;:-0

5.0 10.0 13.0 20.0 27.0 25.

0

28.0
0.0 h.O 6.0 10.5 19.0 lo. 5 Y.O
7.0 11.0 17.0 20.0 25.0 ;,c;. 20.0
0.0 h.O 8.0 10.0 17.5 18.0 8.0
12.0 13.0 18.0 19.5 22.0 26.0 19.-

0.0 3.0 7.0 Ih.O lii.O 16.0 8.0



FIOlIRli 34

Table of monthly maximum and minimum recorded

temperatures and yraph of 5-year extreme monthly

maximum and minimum recorded temperatures in °C

for the Tongue River at Miles City. (Ref. 30)

1<.0
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'-^0.0 \-

o .

0 i5.o
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A

1 I

i-i

10.0 -

5.0

Water Year OCT MOV

-
1

DtC JAN

1 .

1

FliiB

1968
, 15 8

,

0 0 1

2 0 0 0 0

1969 18.

0

8 0 0 0

6.0 0 0 0 0

1970 16.0 5.0 0.5 0.0 0.0

3.0 0.0 0.0 0.0 0.0

1971 12.5 8.0 0.0 0.0 1.0

0.5 0.0 0.0 0.0 0.0
197^ 10.0 8.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

1

L

MAP. APR MY JUN JUl, AUG Gl'T

9 12 lY 20 28 21 T9

1

° 1 5 18 18 13 IT

> 8 18 21 23 26 22 20

0 3 9 18 18 18 13

1 0.0 10.5 18.0 22.5 28.0 22.5 19.0

0.0 0.0 9.5 18.5 18.0 17.0 7.5

6.0 12.0 19.0 13.0 21.5 23.0 20.0

0.0 8.0 11.5 21.5 15.0 18. 5 7.0

9.0 11.5 19.5 l/.o 21.5 2U.0 1^.0

0.0 3.0 6.0 21.5 18.0 1^0 5.5
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Major tributaries to the Yellowstone River in this sub-basin
(the Bighorn River, Rosebud Creek, and the Tongue River) have
all been discussed in the previous sub-sections of this
report. Of the minor creeks sampled by the WQB in this sub-
basin, the following are of interest due to the developments
occurring within their drainages -- Sarpy and Armells Creeks.
The uses has established water quality stations on these
creeks near their confluences with the Yellowstone River.
However, no data has yet been published from these sites.
The WQB established sampling sites on these two creeks at
the uses stations downstream and also in their upper
drainages. In addition, numerous stations were established
by the WQB on Armells Creek in preparation of the WQB's
input to the Energy Planning Division's (Montana State
Department of Natural Resources and Conservation) environ-
mental impact statement on coal-fired generating units 3
and 4 at Colstrip. There are also some water quality data
available from Westmoreland Resources on Sarpy Creek (Plate
I

, Figure 1)

.

Table 17 shows typical water quality data for this sub-basin.
Except for the sample collected during an above average
runoff situation on Sarpy Creek, data in Table 17 indicates
that the values of specific conductance are about 2000
micromhos. There seems to be no distinct difference between
upstream and downstream stations. Values of magnesium as
milliequivalents per liter are greater than that for calcium
for all of the samples on Sarpy Creek except for one collected
during the average average flow. Data in Table 17 for Armells
Creek seems to suggest that the concentrations of dissolved
constituents decrease from the upstream to the downstream
sites. Sodium and sulfate concentrations for both Armells
and Sarpy Creeks are exceptional in comparison to values
for the Yellowstone River. Since the flows of these two
creeks are generally quite small, they would usually not
have a significant effect on the Yellowstone River. However,
since periods of high flow of all minor streams in the sub-
basin do not generally coincide with the periods of high
flow on the Yellowstone, such small creeks may collectively
have a significant degradation effect on the Yellowstone.

Table 17 presents data on the Yellowstone River after the
confluence of the Bighorn River. There does not seem to be
much variation station to station following this confluence.
Data in Table 12 (Yellowstone River Sub-basin- -Pryor Creek
to Bighorn River) for the Yellowstone River just upstream
from the confluence of the Bighorn River at Custer indicates
that the concentrations of dissolved constituents increase
significantly after this point. Since the Bighorn River is
regulated, it seems likely that the Bighorn River would
generally have the largest impact on the quality of water in
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tlie Yellowstone River during low flow periods for the
Yellowstone. Loads have been determined for the Yellowstone
River at Custer, the Bighorn River at Bighorn, and the
Yellowstone River at Myers during a low flow period. These
loads were determined from samples collected on January 22,

1974, by the Water Quality Bureau. This data is tabulated
below in tons/day for selected parameters

.

Stream fq Site Ca Mg Na HCO.-^ ^4 Cl TDS

Yellowstone River
at Custer 600 91 370 1700 1200 80 4100
Bighorn River
at Bighorn 770 150 710 1800 2500 85 6000
Yellowstone River
at Myers 1400 390 1200 3600 4400 180 11000

Loads for the Yellowstone1 Rivei• at Forsyth

,

for Rosebud
Creek near Rosebud, and for the Yellowstone River near
Rosebud below the confluence of the Yellowstone and Rosebud
Creek have been determined. These loads were determined
from samples collected by the Water Quality Bureau on
April 25, 1974, from the Yellowstone and on April 17, 1974,
from Rosebud Creek. These dates coincided with relatively
low and high flow conditions on the Yellowstone and Rosebud
Creek, respectively. These loads are tabulated below in

tons/day

.

Stream ^ Site Ca Mg Na HCO 3 SO 4 TSS TDS

Yellowstone River
at Forsyth
Rosebud Creek

2000 740 2000 6200 6400 3300 18000

near Rosebud
Yellowstone River

12 19 18 86 70 49 210

near Rosebud 1900 740 2000 5900 6400 3200 17000

This data indicates that Rosebud Creek has a minimal effect
on the water quality of the Yellowstone River. Rosebud
Creek's relatively high concentrations of suspended sediment
at its mouth (>100 mg/1) apparently does not increase silt
loads in the Yellowstone River to any noticeable extent.

Loads for the Yellowstone River at Miles City above the
confluence of the Tongue River and for the Tongue River at
Miles City have been determined for both low and high flow
conditions. The load for both flow conditions are
tabulated in tons/day below:
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HIGH FLOW

Stream ^ Site Ca Me Na HCO^ SO 4 Cl TDS

Yellowstone River
at Miles City
Tongue River at

3400 1200 2500 12000 7700 2 70 2 2 000

Miles City
Ratio: Tongue/

340 210 1800 1800 1000 7.3 2900

Yellowstone .13 .18 . 09 .15 . 13 . 03 .13

LOW FLOW

Yellowstone River
at Miles City
Tongue River at

1100 460 1300 3600 4100 170 9200

Miles City
Ratio: Tongue/

34 28 35 160 140 1 . 7 320

Yellowstone . 03 . 06 . 03 . 04 . 03 . 01 . 03

It is evident that the major contribution o£ dissolved
material by the Tongue occurs at high flow. Data used in

determining these loads for high flow were from samples
collected by the USGS on June 4, 1970, and June 3, 1970, for

the Tongue River and the Yellowstone River at Miles City,
respectively. The data used in determining loads for low
flow were from samples collected by the USGS on January 8,

1970, and December 2, 1969, for the Tongue River and the
Yellowstone River at Miles City, respectively.

Figure 35 includes a table of the monthly maximum and minimum
water temperatures and a graph of a four-year extreme maximum
and minimum temperature for the Yellowstone River at Miles
City. Comparing this with Figure 26 which presents the same

information for the Yellowstone River at Billings indicates
that there is not much of an overall change in the extreme
value, except for the late summer months when the minimum
extremes for the Yellowstone at Miles City are significantly
larger than for the Yellowstone at Billings.

GENERAL SUMMARY

To some extent surface water quality might be viewed as a

"relative phenomenon" and is dependent upon intended water

use. For example, a discussion of water quality for an

industry may include different standards than water used

for human consumption and fisheries maintenance. This is

illustrated by Montana Water Quality Standards (Appendix!^ )

where the State has set more stringent criteria for the "A"

and "B" classes of water (suitable for human consumption after

treatment) than for the "C" class (recreation or for waters
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Table of monthly maximum and minimum recorded
temperatures and graph of h-year extreme monthly

Q
maximum and minimum recorded temperatures in

for the Yellowstone River at Miles City. ^,Ref. 30)

I

1

o
o

rr:

(3

3

15.0

10.0

I

'Jater Year OCT NOV DEC JAN FEB MAR APR MAY JUH JUL AUG SET
1909 13 10 2 0 0 7 18 21 22 25 26 26

9 2 0 0 0 0 6 11 12 19 23 16

1970 16.0 6.0 h.O 1.5 3.0 6.0 12.0 19.0 21.0 26.0 26.0 2li . 0

3.5 1.5 0.0 0.0 0.0 0.0 5.0 10.0 lh.5 16.0 23.5 11.0
1971 16.0 6.5 1.0 1.0 2.0 6.0 12.0 19.0 19.5 23.0 26. 5 22.0

5.0 0.0 0.0 0.0 0.0 0.0 6.5 11.0 11.0 16. 20.5 n
197? 1H.5 7.0 Ji.O 1.0 0.0 11.0 13.0 21.5 21.0 2lj.0 2lj.O 23.0

3.0 2.0 0.0 0.0 0.0 0.0 6.0 6.0 18.0 17.0 22.0 10.0

I

I
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deigned for industrial or agricultural use C'E” and ”F"
classes)

.

In general surveillance and inventory work, general dis-
cussions of water quality often become restatements of the
tabular summaries since no central focus for the discussion
is available in terms of a specific water use. Therefore,
to serve as a comparative guideline for this particular
discussion of water quality in the Middle Yellowstone Basin,
those criteria established relative to human use will serve
as the primary reference point. All waters in the basin
are of the B-D class (Appendix B). Water quality of the
area is compared to Montana water quality criteria and to
three other criteria (Table 18) . Standards were selected
from these sources as they specifically relate to the water
quality parameters monitored in this particular survey.

Dissolved oxygen (DO) is a critical parameter in considera-
tion of water quality. This relates primarily to biological
and ecological factors rather than to human use although
surface waters with a low DO content may be indicative of
organic pollution and of water unfit for human use.
Biologically, game fish require DO concentrations of at
least 5 ppm to reproduce and generally die if DO falls below
3 ppm (Ref. 50). Montana criteria for oxygen in ”D;|^'', "D 2

'',

and "Dj" class streams are listed in Appendix B. With few
exceptions, DO concentrations in streams of the basin were
at or near saturation. Dissolved oxygen ranged from about
7.7 to 13.5 mg/ 1 ; the higher values were obtained during
the winter with water temperatures approaching 0°C. As a

result, DO values in the basin were typically greater than
the minimum Montana requirements for salmonid propagation
(Appendix B ) . The few exceptions related primarily to the
smaller streams such as Sarpy Creek with such samples
representing unique cases even for these waters.

Consistently high DO values in the streams indicate an

absence of organic pollution. This is confirmed by data
from the numerous five-day biological oxygen demand (BOD 5 )

determinations made through the sampling program. Typically
BOD was less than 5 mg/1 for most stream samples. A few
bod's ranged from 5 to about 11.5 mg/1. However, even these
values are not exceptionally high. Sewage effluents generally
range between 40 and 80 mg/1 with a well operated and
functional lagoon system but approaching 140 mg/1 and in

some cases exceeding 200 mg/1 with poorly managed or non-

functional systems.
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Streams in the basin with BOD 5 values greater than 5 mg/1
were typically smaller streams such as Hanging Woman, Lame
Deer, Pumpkin, Moon, Sarpy, and Sweeney Creeks. High BOD 5

values were also obtained for various sites and dates in

Armells and Rosebud Creeks. For major rivers and creeks in

the basin, excepting Rosebud Creek, BOD 5 values were
typically less than 5 with 3 mg/1 perhaps representing a

valid median estimate.

The general absence of municipal pollution from streams in

the Middle Yellowstone Basin is also illustrated by the

bacteriological data. Fecal coliform/fecal strep ratios
were consistently less than one which suggests a predom-

inance of animal wastes entering the waters rather than

human contamination (Ref. 51). Fecal coliform counts

varied widely at any given site between sampling dates and

between streams. This data demonstrated a general positive

correlation with flow. Typically, counts were much less

than the "permissible criteria" of Table 18 but often

greater than that level deemed "desirable" by the National

Technical Advisory Board (Ref. 48) and occasionally greater

than the standards established by the State of Montana Cor

"B" class waters (Appendix B). During periods of above

average stream flow, 1.5% of the samples exceeded 2000

counts of fecal coliform colonies per 100 ml; 9% of the

samples exceeded 200 counts/100 ml, and 6 % exceeded 400

counts/100 ml. Streams with counts most consistently
greater than 200/100 ml were Armells, Rosebud, and Rotten

Grass Creeks (2-3 samples). Pumpkin, Pass, Owl, Soap,

Sarpy, Sweeney, Lame Deer, and Hanging Woman Creeks had

single samples that exceeded 200 colonies /100 ml.

Water temperatures ranged from zero during the winter to

between 25 and 30°C during the summer which is typical

of warm water habitats . Turbidities varied markedly from

stream to stream and with flow. Turbidities were typically

less than 60 JTU and less than the "permissible criteria"

of Table 18. In 12% of the samples, turbidities were found

to range higher than 75 JTU and therefore exceeded this

criteria. Markedly high values for turbidity were obtained

for Armells, Rosebud, Pumpkin, and Tullock Creeks and for

the Yellowstone and Tongue Rivers during periods of high

flow (180-270 JTU).

Turbidity, total suspended solids (TSS) ,
and flow were found

to be positively related. As a result, TSS values also

demonstrated wide fluctuations between dates and streams.

For example, in the Yellowstone River, TSS ranged from 8.8
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to 992 on different dates at Forsyth corresponding to
flows of 7400 to 33,800 cfs respectively. Similar wide
fluctuations were evident in the smaller streams: Starvotl-
to-Death (ii'oek- - 6 . 5- 220 mg/1, 0.01-0.9 cfs; Pumpkin (.ireek-
13.0-101() mg/ 1 ,

0.()0-42.7 cfs; and Moon C reek - - 4 . .S - 4 8 2 mg/
1 ,

0.2- I. 3 cfs. Rosebud Creek and Pryor Crock wci'c uni(|ue
in possessing consistently high TSS values through tlic

lower reaches irrespective of flow with a range for the
former of 130 to 536 mg/1 at the flow extremes. Pryor Creek
is exceptional in the extremely high TSS values obtained
for certain of its samples as compared to the remainder of
the Middle Yellowstone Basin (values of 1,720 and 3,426 mg/1)
TSS values obtained during the sampling period can be
classified as follows:

TSS Range (mg/1) Class % Accumulative I

<10 15 15
10-25 26 41
25-50 16 58
50-100 14 72
100-150 9 81
150-200 4 85
200-400 6 91
400-600 4 96
600-800 <1 96
>800 4 100

Many streams in the basin had TSS greater than 200 mg/1
during periods of above average flow. The modal range of
TSS in the basin would be 10-25 mg/1; a median value would
be only slightly greater than 25 mg/1.

Dissolved solids in the streams of the study area were
relatively high and exceeded recommended public water supply
and drinking water standards in many cases. Concentrations
were consistently highest in the smaller streams such as
Armells, Little Porcupine, Reservation, Otter, and Pumpkin
Creeks which have their headwaters in the basin and
concentrations greater than 1,000 mg/1 were typical. In
some instances, dissolved solids concentrations exceeded
the threshold concentrations for stock water (Table 18) (e.g.
in Little Porcupine and Otter Creeks and primarily in Armells
Creek). In contrast, larger streams including Rosebud Creek
had dissolved solids typically ranging between 500 and
1,000 mg/1. Of the larger streams, the Yellowstone River
and the Little Bighorn River had the lowest dissolved solid
concentrations in the basin generally followed in order by
tlic Bighorn River, Tongue River and Pryor Creek, by the
various tributaries of the Little Bighorn and Bighorn Rivers,
and finally by Rosebud Creek.
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Water quality in the study area varies widely from stream to
stream and seasonably. The waters are hard to very hard
with moderate to high dissolved solids. Streams are of a

calcium- sodium ,
sulfate-bicarbonate composition. Magnesium

is abundant and often exceeds calcium on a mill iequivalence
basis. Generally, the quality of surface water in the
basin can be described as poor to fair (Ref. 52)

.

With few exceptions, fluorides in basin surface waters
were below the upper limits for drinking water established
at 0.8 to 1.7 mg/1; this criteria is inversely dependent
upon average maximum air temperatures (Ref. 47). Chlorides
and potassium had low concentrations in streams. Bicarbonate,
carbonate, and sulfate were dominant anions. Sulfate exceeded
the recommended criteria for human use in many streams
(including the Yellowstone River). In some smaller streams,
both sulfate and bicarbonate exceeded threshold concentration
for livestock.

Sodium was a common cation in all basin waters and was the

dominant cation in many streams. However in only a very few

cases were the sodium threshold values for livestock
exceeded. Sodium is of added interest in terms of a water's
use for irrigation. High sodium adsorption ratios (SAR) for

a water are indicative of potential hazards in irrigation
(Ref. 53).

As with many of the other parameters, phosphate and nitrate
concentrations varied with season and location throughout
the basin. For example, nitrate (as NO 3 ) concentrations in

Armells Creek at Forsyth ranged from 1.4 to 0.0 mg/1 in

January and July of 1974 respectively. Phosphate (as 1
^04 )

concentrations in the Little Bighorn River near Hardin
ranged from 0.82 to 0.05 mg/1 in March and May. Nitrate
and phosphate concentrations in Moon Creek were 0.68 and

0.29 mg/1 respectively in contrast to values of 0.06 mg /1

for both NO 3 and PO 4 in Sarpy Creek near Hysham on a similar

date. However, Moon Creek had nitrate and phosphate values

similar to those of Sarpy Creek 2 1/2 months earlier (0.0

and 0.03 mg/1 respectively).

With the exception of iron and manganese, the concentrations

of the metals were generally less than the maximum

values suggested for human use (Table 18). Both iron and

manganese exceeded the recommended standards in some samples.

This is also illustrated in Table 19 which summarizes the

results of an extensive and special metals analysis on

selected samples. With the exception of iron, manganese,

vanadium, and boron, median concentrations for metals tested

were not high. Iron and manganese are normally removed in conventional

water treatment processes so these are not considered a jiroblem in water

supplies receiving treatment such as with tlic surface supplies cuirently

taken from streams in the basin. The PHS Drinking Water Standards are

applicable after treatn\ent.
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b])iT. :i:i] i:iel;i.l5: niia'l)’s:is

Iv'al.t'r Qii.aJ il;y ]iur(;au in
0)1 selected scniiiilcs co]}cct
IDy-i.

S i_ 1: c

No. Slat. :i on

2 .

/I .

.

6 .

7.

8,

f).

:i, 0

.

11 .

12 .

13.

11 .

.1 :>

.

16.

1 7.

J8.
.1 9.

20 .

21 .

22 .

23.
24.

2 !',.

26.
27.
28.

29 .

30.
31.

32.

Little JLiiJiorn R.i.ver nortJi of Wyola
l.it.tlo Lij;l)orn llivcr near Hardin
Owl Creel near Loc][ie Grass
J,odf’,e (I'rass Creel: at J.odge Grass
B.i.pJiorj'i RiA'^ei' sout]i of Hardin-
Lijtliorn River near RioJiorn
TiilJock Crc:ek near Bigliorn
Sarp)' Creek east of Hysliam
Sai']))' Creel: east of Hysliam
Smith Creek near Forsyth
Li.ttle. I’orcupijie Creek north of Forsyth
Last Fork of Armells Creel: north of

Col s trip
Last Fork of Armells Creek )iorth of

Col strip
West Fork of Armells Creek near Hwy 315
Armells Creel: at Hwy 315
Armells Creek v.’est of Forsyth
Annells Creek west of Forsyth
Armells Creek ivest of Forsyth
Yellowstone River near Custer
Yellowstone River at Forsyth
Yellowstone River at Forsyth
Yellow'stone River at Miles City
Rosebud Creek south of Kirby
Rosebud Creek south of Colstrip
Rosebud Creek south of Rosebud
Rosel)ud Creek near Rosebud
Roseliud Creek near Rosebud
lonpue River in Montana near Decker
J'onpuc River Irrigation Reservoir
i'ongiie River southwest of Birney
longue River near Miles City
Tongue River near Miles City

ed by the

Date

5/14/74
5/14/74
S/1/74
5/15/74
5/16/74
5/16/74
6/11/74
6/11/74
7/31/74
4/19/74
4/1S/74

4/16/74

7/31/74
4/15/74
4/16/74
4/16/74
6/20/74
7/51/74
4/25/74
4/25/74
6/19/74
4/25/74
4/30/74
4/30/74
6/20/74
4/30/74
7/31/74
5/8/74
5/8/74
5/9/74
5/9/74
6/10/74
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IX. BIOLO(UCAI. CONDITIONS

Biological conditions of waters in this basin are genera
fair to good (Ref. 31). Cold water habitats include the
upper reaches of Pryor Creek and the Little Bighorn Rive
plus the Bighorn River for some 10-20 miles below Bighor
Lake (Reservoir). Various small streams and farm ponds
also cold water liabitats. 1 he longue River Reservoir an
Bighorn laike contain both cold and warm water fishes. T
lower reaches of the larger tributary streams (Bighorn
and Tongue Rivers) and the Yellowstone River are warm wa
habitats as are many farm ponds (Ref. 31, 32). Major fi
species include brown and rainbow trout, channel catfis
sauger, crappie, walleye, goldeye, and paddlefish (Ref.

lly

n
are
d

he

ter
sh
h,

33)

This
an influx
Creeks
Such

the

Tlie Bighorn River is an excellent trout stream from Bighorn
Dam down to about St. Xavier. Brown and rainbow trout
are both present in this reach with the browns also found
in limited numbers below St. Xavier. The Bighorn River
becomes a warm water habitat in its lower reach,
change is not due primarily to temperature but to
of sediment from Soap, Rotten Grass, and Beauvais
and from Pass Creek via the Little Bighorn River.
sediment problems may relate to poor grazing practices in
area, especially extensive bank trampling. Sauger and
channel catfish are common in the Bighorn River below St.
Xavier; a few walleyes along with the brown trout are also
present. Goldeyes become very numerous in lower portions
of the Bighorn River and in the Yellowstone River below
their confluence. If the sediment inputs into the Bighorn
River were eliminated it could conceivably become a good
trout fishery downstream to the Yellowstone (Ref. 31).

Large silt loads in the major tributaries of the Bighorn
River prevent these streams from being excellent trout
fisheries, especially in the lower reaches. The headwaters
ot Soap and Rotten Grass Greeks contain mainly brook trout
but have some cutthroat and rainbow (Ref. 31).

The Little Bighorn River above Grow Agency is a good trout
habitat. Brown trout predominate in this reach. Below
Crow Agency increased water temperatures result in a
predominance of channel catfish and sauger. Increased
sediment loads also contribute to this change. Lodge Grass
Creek, a tributary of the Little Bighorn River, is a fair
trout fishery. Brook and cutthroat trout are common in the
upper reaches while brown trout are common in the warmer
lower reaches. Lodge Grass Reservoir (Willow Greek Lake)
has a fair number of rainbow trout. Owl Creek, another
tributary to the Little Bighorn River, is not a suitable
habitat for game fish due to its large silt loads (Ref. 1).
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al conditions in Bighorn Lake have been extensively
(Rel. 34, 16). This reservoir is highly productive
resent time and is moderately well-balanced ecoloci-
Ihis lake probably represents the major fishery in
le Yellowstone Basin as of 1974. Walleyes to
ounds, black crappie, and yellow perch are common
^ly abundant, these species spawn in the reservoir
ainl)Ow, and a few cutthroat trout in the reservoir'
the small influent streams such as Black Canyon,
Llk, and Porcupine Creeks. In the silty upper end

eservoir black bullheads and burbot (ling) are
Fluctuating water levels during the spawning season

major problem in the maintenance of this fishery,
are left "high and dry” during the spring drawdown

The Yellowstone mainstem from Huntley to Bighorn does contain
a few brown trout; in general however, the mainstem fish of
the middle basin (Huntley to Miles City) consist of sauger
channel catfish, goldeye, carp sucker, and shorthead red-
horse (sucker) (Ref. 35). Paddlefish extend up the Yellow-
stone to near Forsyth while pallid and shovelnose sturgeon
become common below Forsyth (Ref. 1). Near Miles Cityt
some walleye, perch, and crappie are present. Carp are
found throughout the basin except in the cold headwater
streams of higher altitude.

The dominance of warm water species in the middle section
of the Yellowstone River may be caused in part by the
introduction of silt from the Clark Fork and other
tributaries. This addition could cause increased water
temperature plus extensive sediment deposition; the latter
aspect could account for the elimination of spawning
ground for trout in this reach. The combination of these
iactors then would severely restrict trout habitat. Howeveraquatic insects captured from the middle reach of the
Yellowstone--plecoptera (stoneflies)

, tricoptera (caddis
1 lies), and ephemeroptera (mayflies) (Ref. 35)--are
indicative of water of good quality. These aquatic

generally associated with trout streams
(Ref. 36)

.

Ihe Yellowstone River Pollution Study (1955) (Ref. 37)included evaluations of bottom flora and fauna in theYellowstone River throughout the basin and of the final 41miles of the Bighorn River. This study concluded:

Field and laboratory results demonstrate heavy
pollution and ideal conditions for development
of taste and odors in the Yellowstone and
Bighorn Rivers.
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A follow-up study was done by the Montana State Board of
Health in 1960 (Ref. 38). The bottom organisms collected
during this study indicated favorable ecological conditions
existed in the Yellowstone River from Hysham to Miles City
and in the Bighorn River just below Hardin and in the
Yellowstone River from Billings to Hysham. Through 1963 the
Yellowstone River biota was still being affected at Pompeys
Pillar by pollution input from the Billings area (Ref. 39).

Recent control of pollution sources in the Billings and
Hardin areas should have improved the ecological conditions
of these river reaches. Such improvements are qualitatively
suggested (Ref. 31) with some supportive data as noted but
definite documentation is not yet available.

Pryor Creek, the Little Bighorn River, and many of the
smaller streams in the basin are apparently degraded by silt

and at least partially dewatered by agriculture (Ref. 31, 32).

These effects have not been documented. Sediment problems
on the larger streams in the basin have been mentioned. In

addition to sediment and municipal input problems, oil field

discharges pose added difficulties to certain streams in

the basin. The larger streams, especially the Yellowstone,
Tongue, and Bighorn Rivers, may be severely affected through

dewatering from water demands that could result from poten-

tial coal development in this region.

The Tongue River and its few small tributaries in Montana

are largely warm water habitats. Nevertheless, some trout

are maintained in the river below the Tongue River Reservoir

by annual planting. Biological conditions of the river and

reservoir are generally good; however, the river often

carries an excessive silt load during the summer. Fish

species in this river are quite similar to those of the

Middle Yellowstone River.

The Tongue River Reservoir is somewhat unique in the variety

of fish species that can be found- -''a few of everything in

it...” (Ref. 40). Probably the most representative of

native fish in the reservoir would be the crappie, bullhead,

and catfish. In addition, brown and rainbow trout are

present due to annual planting; such species do not

reproduce successfully in these warm waters. In recent

years, the reservoir has been planted with walleye (about

two pounds as of 1970) and northern pike (3 to 18 pounds

as of 1970) (Ref. 40) .

The Montana tributaries of the Tongue River are quite small

and as a result are not supportive of a good sport fishery.

This also applies to the many small tributaries of the

Yellowstone River in the basin. However, mouths of these
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siiKiJl streams are often utilized as spawning grounds for
various warm water species. A minor fishery is located in
the upper reaches of Rosebud Creek which is predominated
by brook trout (Ref . 31) . These waters are relatively cool
and clear, with the increased silt loads in the lower reaches
the value of this creek as a fishery declines below Busby.

In general, however, biological conditions in the smaller
streams of the basin might be rated as fair. Aquatic
insects collected from these minor streams included, like
tdie Yellowstone, plecoptera (stonef 1 ies ) , tricoptera (caddis
I lies), and ephemeroptera (mayflies) plus odonate (dragon-
II ies). These aquatic larvae are generally associated with
unpolluted, well-oxygenated trout streams (Ref. 35).
Hyalella sp. (scuds) were also collected; these amphipods
are widely distributed and are abundant in unpolluted, clear
waters, including streams, springs, and ponds (Ref. 41).

Most of the above discussion revolves around fisheries due
to their major importance and interest to the general
populace. As a result much of the biological information
that is available for various streams stems from fisheries
work. In essence, total biological data is limited although
greater efforts have been directed in recent years to various
other components of the biological and ecological spectra
such as benthic fauna, periphyton flora, river productivity,
and so forth. This accessory type of information is
ecologically essential for sound fishery evaluation and
management

.
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PLANNING NEEDS\.

I'uture efforts will be needed in the basin to study a variety
of water quality problems and to develop plans for correction
and abatement of these problems. Problems that are in need
ol more effort are primarily those of a non-point nature.
These problems arise from various activities which include
at^r icul ture, runoff from urban areas, construction projects
inadvertent spills, and natural phenomena. Tliese have been’discussed extensively in Section V. Coal mining and
electrical generating plants pose other possible pollution
problems. Runoff from mined areas, spoil banks, and reclaimed
lands are possible sources of pollution that should be
investigated more intensely. Although the coal fired
generating plants proposed and those presently being built
in the basin are to be closed systems as regards the water
i.e., no thermal or wastewater discharge; plants of similar
design have had discharges when upsets occur. There is,
also, the possibility of a significant amount of stack
emissions getting into surface water systems either by
direct fallout or runoff from lands upon which the stack
emissions have fallen. Dewatering of the streams in the
basin, especially the Yellowstone River, for increased
municipal, industrial, and agricultural development, lowers
the dilution capability and may therefore make presently
insignificant pollution sources significant. Continued
monitoring in the Middle Yellowstone Basin is necessary todetermine the extent and severity of these sources. Any
comprehensive monitoring should include biological sampling
along with sampling for chemical and physical data. Although
definite funding will be necessary before planning of future
comprehensive monitoring can be implemented. Section 208
of the Federal Water Pollution Control Act Amendments of 1972provides grants to areas having special water quality
problems, which extend over local jurisdictional boundaries,
to develop an overall Water Quality Management Plan for
the area. Two areas are presently considering 208 planning:Action for Eastern Montana, Glendive; and the Billings-
Yellowstone City-County Planning Board. Both have indicated
interest in preparing 208 plans for an area of several
counties in their respective regimes. Special water quality
problems are resulting both directly and indirectly fromenergy related developments within the entire Yellowstone
Basin.

Based on the results of this study, the
Iiroblems need additional investigation,
listed in order of priority.

following non-point
These problems are
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1. Surface and subsurface water quality changes
due to basin energy developments.

2. Irrigation return flow impact on surface and
groundwater

.

3. Storm drains and urban runoff,

4. Construction projects (subdivisions, roads,
bridges, riprapping, etc.),

5. Accidental discharges (spills).
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X 1 . MANAGr3^ffiW STRATEGY AND PLAN

The objective of water quality management is to maintain or enhance the
quality of waters within the basin. To accomplish this, management pro-
gr;ims and plans must be developed and implemented within the basin. After
development and implementation, waters and wastewaters in the basin must
be checked to determine actual effectiveness of the management program.
Water quality management is an interative process; that is, a plan must
be followed, the results checked, the plan modified, and the results
again checked. A management strategy contains a number of elements. These
are:

1. Permits.

State and federal pollutant discharge permits are a basic tool
in regulating the discharge of effluents to state waters. All
discharges under the permit authority, either are or will be per-
mitted or eliminated. The permit program regulates the quantity
and quality of discharges of municipal and industrial wastes and
certain agricultural wastes, including discharges from confined
feeding operations and from irrigation drainage systems. The
discharge pemit also is used to regulate effluent from new or
expanded discharges. As stream quality data are obtained, the per-
mit can be used to insure that discharging effluents do not
cause streams to exceed state water quality standards. All dis-
chargers will be required, under the permit program, to achieve
best practicable control technology not later than July 1, 1977.
All publicly owned treatment works must achieve secondary treat-
ment by July 1, 1977.

2. Intensive Surveys.

Intensive water quality surveys are conducted for waters in the
basin that have water quality problems. Objectives of intensive
surveys are to determine pollution causes and potential means of
elimination or abatement of pollutants. As additional water quality
problems are identified within the basin, intensive surveys will
be made. Intensive surveys also are conducted to determine the
impact of specific wastewater discharges, land practices, or water
treatment facilities that are installed in the basin.

3. Monitoring.

Monitoring include a number of activities that provide measure-
ment of chemical, physical and biological quality of water and
changes in quality. Monitoring includes:

(a) self-monitoring required by dischargers that are under
the Pollutant Discharge Elimination System permit program
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(b) compliance monitoring by the Water Quality Bureau and the
EPA to ensure that permitted discharges are in compliance with
allowable limits;

(c) periodic sampling and analysis o£ water at selected stations;

(d) aerial and ground observations of basin waters and practices or
facilities that effect water quality;

(e) the use of continuous water quality recording instrumenta-
tion to obtain a continuous record of selected water quality
parameters

;

(f) short- duration surveys of stream segments to determine
changes in quality in streams as the water progresses downstream;

(g) evaluation of water quality data to determine trends and to

identify problems.

The basic objective of the monitoring effort is to determine the
status of water quality and to determine variations in water quality.
The monitoring network also is useful for determining the impact of
activities within the basin that influence water quality. Such
activities include those that potentially degrade water quality, such
as logging, mining, and certain agricultural practices; and
those activities that may enhance water quality, such as installa-
tion of improved treatment facilities.

4. Facilities construction, operation, and maintenance.

Federal and state grant programs are available to assist
municipalities in the construction of sewage treatment facili-
ties, which include outfall and interceptor sewers. Such facilities
provide improved treatment of wastewaters and reduce the impact of
wastewaters on the receiving water body. 7\n integral part of the
waste treatment facility program is adequate operation and mainten-
ance of the facilities after construction is completed. The
state requires that all operators be certified and the state pro-
vides on-the-job training and annual schools for operators.

5. Operation and maintenance.

Periodic inspections are made of municipal and industrial
wastewater treatment facilities in the basin. The objective of
operation and maintenance inspections is to ensure that waste
treatment facilities are operated in a manner that provides the
best possible treatment.

6. Information and Education.

Information is made available to the public through bureau
publications, talks, technology transfer seminars, and through
answering inquiries. Public hearings and environmental impact
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statements are presented for important or controversial issues

in the basin. Information and educational efforts are informing

the public of water quality conditions in the basin and factors that

can degrade water quality. This effort stresses development of

a pollution prevention attitude.

7. Regulations and Guidelines.

To prevent water quality degradation within the basin, regulations

and guidelines that relate to water quality will be made available

to residents of the basin through state and county organizations.

This includes regulations that influence water and wastewater from

subdivisions and private and public water and wastewater facilities.

In addition, existing re.gulations may be changed or updated to con-

trol activities within the basin that will degrarie water quality.

The Department of Health and Environmental Sciences in cooperation

with other agencies, will develop guidelines that will abate or

eliminate pollution resulting from storm drainage, storm sewer dis-

charges and non-point sources, including irrigation practices, road

building, construction, logging practices, overgrazing and other

practices. Land use is recognized as a dominant factor controlling

water quality in the basin. Those activities which influence land

use will be examined to determine how water quality degradation (.luc lo

improper land uses can be eliminated to be abated.

8 . Enforcement

.

Violations of Montana’s laws, rules, or permits are investigated

and are subject to injunction, civil penalties, or criminal

penalties. The rules and regulations upon which enforcement is

based are periodically reviewed and updated to insure that Montana's

laws and regulations are adequate and can be properly enforced.

9. Program Coordination.

Montana's water pollution control program will be coordinated with

other state, federal and local agencies to ensure that the activi-

ties of these groups receive adequate information with respect to

their water quality related activities. This includes review of

proposed programs, laws, regulations and proposed technical investi-

gations that relate to water quality.

The elements of basin water quality management described above generally

are applicable to all basins. Specific steps that will be taken in the

Middle Yellowstone Basin are:

1 . Permits

.

Permit conditions and progress in meeting compliance schedules will

be reviewed for all dischargers in the basin in FY 1976. All

-14 7-



peniiits will be reviewed prior to expiration to determine what re-
visions are needed for the reissued permits. All dischargers that
have not received permits, but arc under the dPi^hS or MPDES, will
receive permits in FY 1976.

2. Intensive Surveys.

In FY 1976 intensive surveys are planned for Armells Creek, the Tongue
River and Tongue River Reservoir, and the three active coal mining
operations. As additional water quality problems are identified
and as funding is available, additional intensive surveys will be
conducted.

3. Monitoring.

See Section XII (Monitoring and Surveillance) for specific basin
strategy and plans.

4. Facilities Construction, Operation and Maintenance.

Inadequate municipal sewage treatment has been ranked according to
priority (Page 42 ) and will be upgraded to meet secondary treat-
ment by July 1977. Industrial treatment of wastewater discharges
will meet best practicable treatment by July 1977. Some EPA and
state grant funds will be available for municipal sewage facilities.
Sewage treatment plant operator training and the operators school
will be available for the basin.

5. Operation and Maintenance.

At least one inspection will be made annually of each municipal
sewage treatment facility in the basin. Critical installa-
tions will be provided additional inspections when needed and facili-
ties with special operation and maintenance problems will be provid-
ed with technical assistance.

Major industrial dischargers are examined at least twice per year
and minor dischargers are examined as needed and as manpower and
funding are available.

6. Information and Education.

The general bureau information and education program will be utilized
in the basin. No specific basin programs are planned for the next
year.

7. Regulations and Guidelines.

During the next year the regulatory framework for water pollution
control will be reviewed by the bureau attorney. The adequacy of
the regulations to prevent pollution will be assessed.
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8. Unforcement

.

Enforcement actions will be taken as needed for prosecution of
violations of the state's water pollution laws and regulations.

9. Program Coordination.

Federal, state and private organizations that have water quality
related actions in the basin will be informed of the Bureau's efforts
and will be requested to furnish information on these basin
programs

.

-14 9-



» - .’H»

' I »£

tift/

Ilf. :tiw >«tt

V*» ft* i 4V
'

,
• • ‘4.

v% I.

limrli
n -•“»

. •^nrf '
' o.UiVf'

i

ti" ht-.p- • *J tit Pi tj^-a !

'*

iarSJ ttU /it * n> I yi; i |,'



MONITORING AND SURVinLLANCE

Water quality monitoring and surveillance prograjns represent a major invest-

ment of time and funds. Such programs should obtain the needed infonnation

at least cost. To properly design a cost-effective monitoring system, a

iiLuiiher of factors must be considered including:

1. Adequacy of baseline data in the basin;

2. Status of the stream as a receiving water for pollutant discharges;

3. Data needs for point source discharges under state and federal permit
programs

;

4. Existing and potential water quality problems;

5. Data needs for enforcement actions;

6. Available time and funding;

7. Existence of other water quality data collection programs in the area.

Flexibility in scope and intensity is an important aspect of a proposed pro-
gram. A variety of factors can influence an area's water quality; these
include industrial, municipal, and agricultural developments, federal and
state regulations, and water transfers. With the range of developments that
can occur in a basin, a long-term management strategy cannot be efficiently
developed. Water quality surveillance and monitoring is directed at short-
temi conditions (up to five years in the future) and is revised annually.

Monitoring and surveillance recommendations are presented in this report.
The detailed basin monitoring and surveillance program is developed by the
Water Quality Bureau as part of the annual water pollution control program
plan. Monitoring and surveillance activities are conducted by a variety of
organizations including communities and industries, federal and state agencies,
private individuals and organizations. Commonly, accute problems such as
toxic conditions causing fish kills, oil spills, etc. are recognized by basin
residents or persons working in the basin.

The following is the recommended monitoring program for the Middle Yellow-
stone Basin.

1. Compliance Monitoring.

It is recommended that the following point discharges be checked by
the Water Quality Bureau to check compliance with permit conditions.

Forsyth
Hardin
Hysham
Lame Deer
Lodge Grass
Miles City
Ashland Mutual Self-

Rosebud
St. Labre
St. Xavier
Yellowtail Dam Housing Complex
Yellowtail Visitors Center
Yellowtail Dam Power Plant
Ba 1 1ant ine/Worden
Crow AgencyHelp Homes
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Suspended solids, BODr, fecal coliforms, and flow will be monitored
in all municipal discRarges; residual chlorine will be measured where chlor-
ination is provided. Municipal water treatment plant discharges will be moni-
tored for aluminum, suspended residue, turbidity, flow, pH, and residual
chlorine.

Similarly, it is recommended that the following industrial discharges be
monitored by the Water Quality Bureau to check compliance with pennit condi-
tions :

Frequency and parameters to be monitored for irrigation return flows have
not, as yet, been defined. Feedlots designed are basically as non-discharging
facilities.

2. Self-Monitoring.

All waste dischargers under MPDES permit are required to periodically smnple
and analyze their wastewater and report these results to the Burc'aii

and the Environmental Protection Agency. Tlie parameters to be monitoied
are specified in the conditions of the permit.

3. Water Quality Surveillance Network.

The water quality surveillance network is composed of water quality sampling
stations on streams, waterbodies and groundwater. Surveillance is
recommended for the following streams:

Decker Coal Company, Decker (strip mine)
Westmoreland Resources, Hardin (strip mine)
Soap Creek Associates, Inc., St. Xavier (oil field)
Forsyth Ready-Mix, Forsyth (gravel washing)

Stream Site

Yellowstone River
Sage Creek
Pryor Creek
Fly Creek
Little Bighorn River
Lodge Grass Creek
Owl Creek
Little Bighorn River
Bighorn River
Soap Creek
Rotten Grass Creek
Tullock Creek
Bighorn River
Yellowstone River
Sarpy Creek
West Fork Armells Creek
East Fork Armells Creek
Armells Creek

At Billings
At Warren
At Huntley
At Pompeys Pillar
At State Line
At Lodge Grass
Near Lodge Grass
Near Hardin
Near St. Xavier
Near St. Xavier
At St. Xavier
Near Bighorn
Near Bighorn
Near Myers
Near Hysham
Near Golstrip
At Colstrip
Near Forsyth
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St rciUli Site

Yellowstone River

Rosebud Creek
l,ajiic Deer Creek

Rosebud Creek
Roseliutl Creek
Hanging Women Creek

Otter Creek
lYnnpkin Creek
Tongue River

Tongue River
Tongue River
Tongue River
Tongue River
Yellowstone River

At Forsyth
Near Kirby
Near Lame Deer

Near Colstrip
Near Rosebud
Near Birney

Near Ashland
Near Miles City
Reservoir discharge

Near Birney
Near Ashland
Near Brandenburg
Near Miles City
At Miles City

Recommended surveillance frequency varies from continuously to quarterly

and parameters to be monitored generally include flow, sediment, temperature,

nutrients, common ions, and coliform organisms.

The actual basin surveillance program is described in the bureau annual

water pollution control program plan. Details of sampling frequency and

parameters also are described in this plan.

Biological assessment and water quality runs will be carried out at selected

sites in the basin. Biological assessments involve periodic quantita-

tive and/or qualitative benthic organism assessments. Water quality

runs involve an intense instream survey of a few water quality parameters

at a large number of stations. The sampling is designed to measure changes

in stream quality as the water moves downstream. Sites selected for these

evaluations are described in the Bureau's annual pollution control plan.

4. Aerial and Ground Surveys

Examination of streams and water bodies is done as part of the routine

bureau visits to the basin. Other agencies and organizations also commonly

notice stream conditions during their basin trips. Detailed aerial sur-

veillance and actual stream examination on foot or by boat is required for

selected problems. Armells Creek near Colstrip, for example, should be

examined in detail by walking the stream annually.

5. Data Interpretation and Analysis

Surveillance and monitoring activities develop water quality data that must

be compared with previous data, water quality standards, permit conditions,

etc. Results of water quality testing must be analyzed and interpreted

to understand temporal and spatial changes in water quality and determine

if the sampling network is adequate to meet program objectives.
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XIII. COAL DEVELOPMENT

Coal development presently is a major activity in the basin
and is expected to increase in the near future. Water
quality problems may arise either directly or indirectly
from coal development, coal mining, or coal conversion
plants. These facilities will have water quality problems,
and increased populations in the basin will cause additional
water pollution. Many current studies in the basin are
examining coal development impacts and existing and po-

tential effects on water quality.

The impact of energy developments in the Middle Yellow-
stone River basin will be very dependent on the type of

development and will be site-specific. Present energy
developments within the basin include coal mining on

Sarpy Creek, Armells Creek, on the Tongue River near the

Tongue River Reservoir, and in the Rosebud Creek drainage.

Of these coal mines, only two--the mine on Sarpy Creek
and on the Tongue River--have waste discharges to waters

of the state. The impacts of these discharges have been

described in other sections of this report.

The potential for water quality degradation due to energy

developments including coal mining and energy conversion
plants and increased populations is enormous. There is

a great deal of statevjide concern about the impact of

such developments on both surface and groundwater quality

in the basin. State land reclamation and water pol-

lution regulations are a basic regulatory factor in con-

trolling environmental impacts on water quality. As

mentioned in this report, there is considerable effort

being directed at evaluation of the impact of energy

developments in this portion of Montana. Presently,

water quality effects of energy developments are not

well understood. The development of coal, however, is

in its infancy and will greatly expand within the next

decade. Information obtained from existing and proposed

studies should indicate the extent and magnitude of

energy impacts on water quality. Presently, it is too

early to accurately assess either the short or long-term

consequences of energy development.
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Many potential water pollutants due to coal mining have been identified.
These include degradation of ground and surface water due to leaching of
salts from spoil piles, increased sedimentation due to runoff from dis-
turbed lands, and increased stress on the water resources due to increased
populations

.

Although some technical work has been done on these problems, the results
to date are inconclusive and variable. Land reclamation techniques
used at a mine site will effect water movement and water quality. Land
reclamation is in an experimental status, thus, the impact on water quality
cannot be accurately assessed. Within the next five years, the impact of
coal mining on water quality should be better understood.

Coal conversion processes including coal-fired power generation and gasifi-
cation are another threat to water quality. These processes involve not
only mining, but the conversion of coal with its attendant pollution
problems. Due to the wide variety of conversion processes, water quality
problems cannot be predicted. The evaluation of pollution potential will
he both site and process dependent.
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APPKNDLX A

SYSTPM I'cxi ppnnRM’iirc i,a::Vi'iON op }’iYvmRPS

subdivision used by the U. S.

nisists of tv;elve characters and

Wells, ^sp(•i^os, water- 5;Liup Ling locations, and strcaju-gaging locations arc

i',ned munbors based on the system ol land

IVuvuu of Land Management. The nuabor co;
_ _ _

d-scrlbcs tb.e location by townsliip, range, section, and position within the

section. Tiie figure below illustrates the numhering method. The first three

elv! ’'actors of tho number give tlie to'.msliip, the next tniee characters the range.

Tiic next two numbers give the section numl)or with.in, tne township, and tiie next

il\r''C letters describe the location within the Quarter section (160-acre tract)

a.nl the ciuarter-quarter section (40-acre tract), and the quarter-quarter-quarter

s'v-tion (10-acre tract). These subdivisions of the 640-acre section are desig-

nated a, I), c, and d in a counterclockwise direction, beginning in the north-

east quadrant. If there is more than one feature in a 10-acre tract, consecutive

di’dts hew inning I'/ith 2 are added to the number. For example, if a watex quality

saiipLe vwis collected in sec. 21 ,T. 9N. ,1120W, it would be numbered 09N20W21L\\A2.

The' letters DM Indicate that the well is in the NEh of the MEh or the SEh, and

! ho number 2 following the letters DM indicates there is more than one water-

([ual ity sampling location in this 10-acrc tract.
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.14(10) -SI4480 V/ATLiR QUAU^IT STANDARDS

Policy statement . I'lie follov'/ing standards are adopted to establish ina.\'iinum

aIlov\/able cFumges in ivater quality and establisli linits for pollutants ivhich

affect prescribed beneficial uses of state v;aters. llie department adopts as

a iiile the policy that best practicable treatment and control of waste,
activity and flow is to be provided to maintain dissolved oxygen and over-
all V'/ater quality at the highest possible levels, and water temperatures,
coliform bacteria concentrations, dissolved chemical substances, toxic ma-
terials, radioactivity, turbidities, color, odor and other deleterious sub-
stances at the lowest possible levels.

Application of standards . Tlie water quality standards are composed of water
use classifications [section (4)], water-use descriptions and specific
water quality criteria [section (5)], and general water quality criteria
[section (6)].

(a) General water quality criteria apply to all state waters except
where in this inle specific vsfater quality criteria are more
applicable to a specific water-use classification.

(b) In order to carry out the objective of the rule, existing discharges
to state waters shall be brought into, compliance with the standards
as soon as practicable, and in no case later than three years from the
effective date of the rule.

Definitions . Unless statutory definition or the context other\'/ise requires
in this rule:

"Conduit" means any artificial or natural duct, either open or closed, for
conveying liquids or other fluids.

"Dewatered stream" means a perennial or intermittent stream whose water
has been removed for one or more beneficial uses.

"FPA" means the U. S. Environmental Protection Agency.

"Intermittent stream" m.eans a stream or portion of a stream that flows
only in direct response to precipitation; it receives little or no water
Irom springs and no long-continued supply from melting snow or other sources

"Naturally occurring" means conditions or material present from lanoff or
percolation over which man has no control or from developed land where all
reasonable land, soil and water conservation practices have been apnlied.
Conditions resulting from dams in existence as of July 1, 1971 are natural.

Mixing zone" means that volume of state water wherein any pollutant ma)'
exceed allowable water quality standards.
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( ' I ) W; 1 1cr-usc cluss i 1 Icat Ions .

Yi'llowstone River:

Clarks I'ork Yellowstone River (mainstem) from Jack

Creek to the Yellowstone River h-D2

Tributaries to the Clarks Fork Yellowstone River from

Jack Creek to the Yellowstone River except the West
Fork of Rock Creek listed belovv? B-Di

West Fork of Rock Creek drainage to the Red
Lodge water supply intake A-Open-Di

Remainder of West Fork of Rock Creek drainage B-Di

Yellowstone River drainage from the Billings water supply
intake to the North Dakota state line except the

tributaries listed below ^"^3

Pryor Creek drainage B-Di

Big Horn drainage above but excluding William’s
Coulee near Hardin B-D]^

Big Horn drainage from and including William’s
Coulee to the Yellowstone River except the Little
Big ilom listed below ^“^2

Little Big Horn drainage above and including
Lodgegrass Creek near Lodge Grass B-D]^

Remainder of the Little Big Horn drainage B-Dg

Tongue River (mainstem) from Tongue River Reservoir
to but excluding Prairie Dog Coulee B-D2

Remainder of the Tongue River drainage B-D3
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(c) A-0]:>en-Dj classification .

(i) Water-use description. Water supply Cor drinking, culinary and

food processing purposes suitable for use after snnple disin-

fection and removal of naturally present impurities. Water ([iiality

is to be maintained suitable for bathing, sw unming and I'ocreat ion;

growth and propagation of salmonid fishes and associated aciuatic

life, waterfowl and furbearers; and agricultural and industrial

water simply. Where the waters are used for swi.iiming or other-

water-contact sports, analyses are to be made by the utility owner

and the department to determine if a higher degree of treatment

is required for potable v\rater use.

Waters, if shown to meet the A-Closed criteria, may be so classified

by the department at the request of the utility ovmer. State

\\faters within the boundaries of national parks and nationally

designated wild, wilderness or primitive areas in the state arc.

^]^3^55 dfi6d A-Open-Dp except those adjacent to developed a teas such

as Snyder Creek through the community of Lake McDonald and Switt-

current Creek below the Many Glacier Chalet, both in Glacier

National Park. Also, Georgetown, Flathead and V^/iiitefish lakes

and Lake Mar>^ Ronan are classified A-Open-Dp as are some stremns

presently used for domestic water supply

.

(ii) Specific water quality criteria.

(aa) The average number of organisms in the coliform group is

not to exceed 50 per 100 milliliters wliere demonstrated

to be the result of domestic sewage.

(ab) Dissolved oxygen concentration is not to be reduced below

7.0 milligrams per liter.

(ac) Induced variation of hydrogen ion concentration (pH) witlun

the range of 6.5 to 8.5 is to be less than 0.5 pH unit.

Natural pH outside this range is to be maintained without

change. Natural pH above 7.0 is to be maintained above

7.0.

(ad) No increase above naturally occurring turbidity is allowed.

(ae) A 1° F maximum increase above naturally occurring water

temperature is allowed within the range F to 66

within the naturally occurring range of 66 F to 66. j 1-,

discharge is allowed vvrhich will cause the water tempciatu

to exceed 67° F; and where the naturally occurring water

temperature is 66.5° F or greater, the maxirnuni allowa le

crease in water temperature is 0.5° F. A 2 F per horn m

decrease below naturally occurring water tenpieraturc is a

when the water temperature is above 5 j F, ana a „ !• inax

ig water temperature is

v/ithin the range of 55° F to 32° F.
decrease below naturally occurring

no

re

in-

aximum
1 lowcvl

i mum
a 1 lowed
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(af) No increases above natural!/ occurring concentrations of
sediment, settlcablc solids or residues, vdiich adversely
alTcct the use indicated, are allowed.

(.ag) Concentrations of toxic or other deleterious substances,
pesticides and organic and inorganic materials including
lieavy metals, after treatment for domestic use, are not to
exceed the recommended limits established in the 1962 U. S.
Public Health Service DrinIcing Water Standards or subsequent
editions; an increase of more than 10 percent of the concen-
tration present in tlie receiving water is not allowed;
maximiun allowable concentrations are to be less than acute
or chronic problan levels as revealed by bioassay or other
methods

.

(rdi) True color is not to be increased more than two units above
naturally occurring color.

(d) B-Ui classification .

(i) Water-use description. The quality is to be maintained suitable for
drinking, culinary and food processing purposes after adequate treat-
ment equal to coagulation, sedimentation, filtration, disinfection
and any additional treatment necessary to remove naturally present
impurities; bathing, swimming and recreation; growth and propagation
of salmonid fishes and associated aquatic life, waterfowl ;md fur-
bearers; and agricultural and industrial water supply.

(iil Specific water quality criteria.

(aa) The average number of organisms in the fecal coliform grouf)
is not to exceed 200 per 100 milliliters, nor are 10 percent
of the total samples during any 30-day period to exceed
400 fecal coliforms per 100 milliliters. Tlie average number
of organisms in the coliform group is not to exceed 1,000
per 100 milliliters, nor are 20 percent of the samples to
exceed 1,000 coliforms per 100 milliliters during any 30-day
period.

(ab) Dissolved oxygen concentration is not to be reduced below
7.0 milligrams per liter.

(ac) induced variation of hydrogen ion concentration (pH) witliin
the range of 6.5 to 8.5 is to be less than 0.5 pH unit.
Natural pH outside this range is to be maintained without
change. Natural pH above 7.0 is to be maintained above
7.0.

(ad) Ihc maximum allowal)le increase above naturally occurring
turbidity is 5 Jackson Candle Units except as is [leniiittcd
in the general water quality criteria.
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(ae) A 1° F inaxiinum increase above naturally occurring
water temperature is allowed within the r.ange of 32°
F to 66 ° F; within the naturally occurring range of
66 ° F to 66.5° F, no discharge is allowed which will
cause the water temperature to exceed 67° F; and where
the naturally occurring water tenperature is 66,5° F
or greater, the maximum allowable increase in water
temperature is 0.5° F. A 2° F per hour maximum decrease
below naturally occurring water temperature is
allowed when the water temperature is above 55° F,
and a 2° F maximum decrease below naturally occurring
water tenperature is allowdd within the range of 55

°

F to 32° F.

This applies to all waters in the state classified B-Dj^

except for Prickly Pear Creek from McClellan Creek to
the Montana Highway No. 433 crossing where a 2° F maxi-
mum increase above naturally occurring water tempera-
ture is allowed within the range of 32° F to 65° F;

within the naturally occurring range of 65° F to
66.5° F, no disdiarge is allowed which will cause the
water tenperature to exceed 67° F; and where the naturally
occurring water tenperature is 66.5° F or greater, the
maximum allowable increase in water tenperature is 0.5° F.

(af) No increases above naturally occurring concentrations of
sediment, settleable solids or residues, which adversely
affect the use indicated, are allowed.

(ag) Concentrations of toxic or other deleterious substances,
pesticides and organic and inorganic materials including
heavy metals, after treatment for domestic use, are not
to exceed the recommended limits contained in the 1962
U. S. Public Health Service Drinking Water Standards or
subsequent editions; also, maximum allowable concentrations
are to be less than acute or chronic problem levels as
revealed by bioassay or other methods.

(ah) True color is not to be increased more than five units above
naturally occurring color,

(e) B-D 7 classification .

(i) Water-use description. The quality is to be maintained suitable
for drinking, culinary and food processing purposes after adequate
treatment equal to coagulation, sedimentation, filtration, disin-
fection and any additional treatment necessary to remove naturally
present impurities; bathing, swimming and recreation; growth and
propagation of salmonid fishes and associated aquatic life,

waterfowl and furbearers; and agricultural and industrial water supply.

(ii) Specific water quality criteria.
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The avcra^ie nujnber of orgaiusms in the fecal colifomi group
IS not to exceed 200 per 100 niiililiters nor are 10 percent
of the total saiiples during any 30-day period to exceed 400
local col i forms per 100 milliliters. Hie average nuinber of
organisms in the coliform group is not to exceed 1,000 per
100 milliliters nor are 20 percent of the stunples to exceed
1.000 coliforms per 100 milliliters during any 30-day jjeriod.

Dissolved oxygen concentration is not to be reduced below
7.0 milligixnns per liter from October 1 through June 1 nor
below 6.0 milligrams per liter from Juno 2 through September 30.

Induced variation of hydrogen ion concentration (pH) within
the range of 6.5 to 9.0 is to be less than 0.5 pH unit.
Natural pH outside this range is to be maintained without
change. Natural pH above 7.0 is to be maintained above 7.0.

Ihe inaximuiii allowable increase above naturally occurring
turbidity is 10 Jackson Candle Units, except as is peimitted
in the general water quality criteria.

A r F maxunum increase above naturally occurring water
temperature is allowed within the range of 32° F to 66° F;
within the naturally occurring range of 66° F to 66.5° I' *no
discharge is allowed whicli will cause the water
temperature to exceed 67° F; and where tlie naturally
occulting water tei^erature is 66.5° F or greater, the
maximum allowable increase in water temperature is*0.5° F.
A 2° F per Iiour maximum decrease below naturally occurring
\yater temperature is allowed when the water temperature
is above 55° F, and a 2° F maximum decrease below naturally
occurring water temperature is allowed within the ranee
of 55° F to 32° F.

^

No increases above naturally occurring concentrations of
sediment, settleable solids or residues, which adversely
affect the use indicated, are allowed.

Concentrations of toxic or otlier deleterious substances,
pesticides and organic and inorganic materials including’
/leavy metals, after treatment for domestic use, are not^to
exceed the recoiranended limits contained in the 1962 U S
Kiblic Health Service Drinking Water Standards or sub-
sequent editions; also, maximum allowable concentrations
are to be loss tlian acute or chronic problem levels as
revealed by bioassay or other methods.

I rue color is not to be increased more tlian five luiits above
naturally occurring color.



(i) Water-use description. Tlie quality is to be maintained suilnhh;

for drinking, culinary and food processing purposes alter ;uloquntc

treatment equal to. coagulation, sedimentation, filtration, ilisin

lection and any additional treatment necessaiy to remove nalurnlly

present inpurities; bathing, svvfimming rmd recreation; growth and

propagation of non-salmonid fishes and associated aquatic lile,

waterfowl and furbearers; and agricultural and industrial water-

supply.

(ii) Specific water quality criteria.

(aa) The average number of organisms in the fecal colifonn grou|r

is not to exceed 200 per 100 milliliters nor are 10 pei'ccnt

of the total samples during any 30-day period to exceed 400

fecal conforms per 100 milliliters. The average numirer of

organisms in the coliform group is not to exceed 1,000 per-

100 milliliters nor are 20 percent of the samples to exceed

1.000 colifomns per 100 milliliters during any 30-day period.

(ab) Dissolved oxygen concentration is not to be reduced below

5.0 milligrams per liter.

(ac) Induced variation of hydrogen ion concentration (pH) within ll>e

range of 6.5 to 9.0 is to be less than 0.5 jrl'l unit. N.itiu.il

pH outside this range is to be maintained without ch.mge.

Natural pH above 7.0 shall be maintained above 7.0.

(ad) The maximum allowable increase above naturally occurring

turbidity is 10 Jackson Candle Units, except as is permitted

in -the general water quality criteria.

(ae) A 3° F maximum increase above naturally occurring \^ater

tanperature is allowed within the range of^32 F to 77 1,

within the naturally occurring range of 77° F to 79.5° 1-,

no thermal discharge is allowed which will cause the water

temperature to exceed 80° F; and where the naturally occurring

water tenperature is 79.5° F or greater, the maximum allowable

increase in water tenperature is 0.5° F. A 2° F per hour

maximum decrease below naturally occurring water tenperature

is allowed when the water temperature is above 55 F, and a 2

F maximum decrease below na"turally occurring water temperature

is allowed within the range of 55° F to 32° F.

This applies to all waters in the state classified FqD5,

except from the Billings water sipply intake to the wntci

diversion at Intake, a 3° F maximum increase above natnra ly
_

occurring -ivater temperature is allowed within tlie range ol V
to 79° F; within the range of 79° F to 81.5° F, no tlwmaal dis

charge is allowed which will cause the ter tenperature to

exceed 82° F; and where the naturally occurring water

tanperature is 81.5° F or grea-ter, the maximum allowable,

increase in water temperature is 0.5 1.
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I rom l!ie water diversion at Intake 1o the Nortli R-ikota r.tate
line, a 3 ! ma-ximujii increase aliove naturally ocrurrinj>
water tOJiij^crature is allowed witliin the rantic of 32° I'

'

to 82° !•'; within tlie range of 82° F to 8^.8° 1', no
tJiennal discharge is allowed wlucli will cause tlic water
tenq^eraturc to exceed 85° F; ajtd where the naturally
occurring water tanperature is 84.5° F or greater, the
niaxhiiuni allowable increase in water temperature is 0.5° F.

(af) No increases above naturally occurring concentrations of
sediment, settleable solids or residues, which adversely
affect the use indicated, are allowed.

(ag) Concentrations of toxic or other deleterious substances,
pesticides and organic and inorganic materials including
lieavy metals, after treatment for domestic use, are not
to exceed the recommended limits contained in the 1962
U. S. l\iblic Health Service Drinking Water Standards or
subsequent editions; also, maximum allowable concentrations
are to be less than acute or chronic problem levels as
revealed by bioassay or other methods.

(ah) True color is not to be increased more tlian five units
above naturally occurring color.

(()) Cencral water quality criteria .

(a) The degree of waste treatment required to restore and maintain the
st^nidards is to be determined by the department and is to be based
on the following.

(i) Hie state’s policy of nondegradation of existing high water quality
as described in Section 69-4808.2, R.C.M. 1947.

(ii) Present and £inticipated beneficial uses of the receiving water.

(iii) Tlie quality and nature of flow of the receiving water.

(iv) Tlie quantity and quality of the sewage, industrial waste or
other waste to be treated.

(v) ’llie presence or absence of other sources of pollution on the
same watershed.

(b) Sewage is to receive a minimum of secondary treatment as defined by FPA
in accordance with requirements as set forth in the Federal Water
I’ollution Control Act Amendments of 1972.

(c) Industrial waste is to receive, as a minimum, treatment equivalent
to the best practicable control technology currently available
(Bl’CT) as defined by EPA. In cases where BPCT is not defined by
FPA, industrial waste is to receive, after maximum practicable
in-plant control, a minimum of secondary treatment or equivalent.

(d) ]'or design of disposal systems, stream flow dilution requirements are to
be based on minimum consecutive seven-day average flow whicli may be
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expected to occur on the average of once in ten years. When dilution
flows are less than the above design flow at a point discharge, the

discharge is to be governed by the permit conditions developed for the

discharge through the waste discharge permit progratn.

(e) State surface waters are to be free from substances attributal^ 1 e to

municipal, industrial, agricultural practices or other discharges

that will:

(i) Settle to form objectionable sludge deposits or emulsions lieneath

the surface of the water or upon adjoining shorelines.

(ii) Create floating debris, scum, a visible oil film (or be present

in concentrations at or in excess of 10 milligrajms per liter)

or globules of grease or other floating materials.

(iii) Produce odors, colors or other conditions as to create a

nuisance or render undesirable tastes to fish flesh or make

fish inedible.

(iv) Create concentrations or combinations of imiterials which are

toxic or harmful to human, aniiTtal, plant or aquatic iile.

(v) Create conditions which produce undesiralVle aquatic life.

(f) No wastes are to be discharged and no activities conducted sue li that

the wastes or activities, either alone or in combination with other

wastes or activities, will violate, or can reasonably be expected

to violate, any of the standards; (e.g., in a reach of stream

classified B-Di, the total allowable cumulative increase to

naturally occurring turbidity conditions in the reach is 5 .Jackson

Candle Units)

.

(g) No wastes are to be discharged and no activities conducted which,

either alone or in combination with other wastes or activities, vyill

cause turbidities to exceed those allowed by specific watei quality

criteria; provided, short-term activities necessary to accommod.Jtc

essential dredging, channel or bank alterations, stream divers. ons

or other construction vdiere turbidities in excess of the criteua

are unavoidable, may be authorized by the department under i_on-

ditions as it may prescribe.

(h) Methods of sample collection, preservation and analysis used to detcimiiH

compliance with the standards are to be in accordance with the latest

edition of Standard Methods for the Oxamination of Water ajid Waste

water published by the ,^merican Public Health Association or in

accordance with tests or procedures that have been lound to l)o

equally or more applicable.

(i) for operations of existing water impoundments tlrat cause Londitions

harmful to prescribed beneficial uses of state watei s, it is to ho
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claiioastratcU to the satisfaction of tlie department that continued

operations will be done in the best practicable manner to minimize

liaimrul el'Fects ;md will not violate state laws or department rules.

New water impoiuidjnents shall be designed to provide temperature

v.iriations In discharging water that maintain or enhance tlie existing

propagating fishery and associated aquatic life. As a guide, the

Following temperature variations are recommended: Continuously

less tlum 40° F during the months of January and Februar>', and

continuously greater than 44° F during the months of June through

September.

(j) Ponds for waste treatment purposes are not to be located in drainage

ways where the volume of drainage water from a 10-year storm entering

the ponds exceeds one-half the volume of the pond; provided that,

subject to approval by the department as to design and maintenance,

ponds located in drainage ways for the express purpose of containing

emergency oil spills are permitted.

(k) Dumping of snow fran municipal and/or parking lot snow removal activities

into waters of the state is prohibited without a permit from the de-

partment.

(l) Ibcist.mg discharges to state wraters will be entitled a mixing zone as

determined by the department

.

(m) Until such time as minimum strean flows are established for dewatered

streaiis, the minimum treatment requirements for discharges to de-

watered receiA/ing streams are to be no less than the minimuTi treat-

ment recjuirements prescribed.

(lO Treatment requiranents for discharges to intermittent streans are to bo

no less than the minimum treatment requiranents pt'escribed.

(o) Pollution resulting from storm drainage, storm sewer discharges, and

non-point sources, including irrigation practices, road building, con-

struction, logging practices, overgrazing and other practices, are to

be eliminated or minimized as ordered by the department.

(p) Application of pesticides in or adjacent to state waters is to be in

compliance with the labeled direction, and in accordance vvith pro-

visions of the Montana Pesticides Act (Title 27, Chapter 2, R.C.M.

1947) and the Federal Environmental Pesticides Control Act (Public

Inw 92-516). Excess pesticides and pesticide containers are not to be

disposed of in a manner or in a location where they are likely to
pollute state waters.

(tl) The following radiological criteria shall apply to all waters except
those classified as A-Closed:

(i) llie average dissolved concentrations (including the naturally
occurring or background contribution) of iodine 131, radiuii-226,

strontium-89, strontium-90 and tritiun are not to exceed the
following concentration limits:
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Iodine -131 .

Radium-226 .

Strontium- 89
Strontium- 90
Tritium . .

. 5 pCi/l,

. 1 pCi/l,

100 pCi/l.

. 10 [iti/I,

3,001) pCi/l,

For all other radionuclides, the average dissolved coaccntration

limits are to be 1/150 of the corresponding maximum permissiblo

concentration in water for continuous occupational exposure as

recommended by the National Committee on Radiation Protection

(National Bureau of Standards Handbook 69 or subsequent revisions.)

(ii) For a mixture of radionuclides, the following relationship is to

be satisfied:

^ + C2 . . . + Gn
^ j

Li Lg h\

C denotes the average concentration of tlie respective radionuclide,

and L denotes its concentration limit.

(iii) Where alpha emitters, strontium-90, radium- 228, iodine- 129,

iodine-130 and lead-210 are known to be absent, routine annlysos

for dissolved gross beta radioactivity (excluding potassii.un-4()

contribution) may be mployed to monitor and show compliance with

this criterion (except for tritium) as long as the gross conceu

tration does not exceed 100 pCi/L. IVhen these conditions are not.

met, routine quantitative analyses of individual radionuclides ate

to be performed to show ccmpliance. Except in cases where tritium

from other than natural sources is known to be absent, routine

tritium analyses are to be performed to show compliance. (Note:

"Absence" means a negligibly small fraction of the specific con-

centration limit, where the limit for unidentified alpha emitters

is taken as the limit for radium- 2 26.)

(iv) For radionuclides associated with suspended material in transport,

the average concentration limits are to be 1/150 of the cerrcspondin

maximum permissible concentration in water (insoluble form) loi

continuous occrqjational exposure as recemmended by the National

Committee on Radiation Protection. In-stream sedhnentation ol

these materials is not to produce solids beds that are not in

compliance with subsections (q) (i) ^d (q) (ii) (becaasc oi

leaching) and/or excessive accumulation in native floi'a and

fauna.

(v) Average concentrations are to be computed from monitoring data

acquired during the previous 12 months; maximum concent rnt lon-^

arc not to exceed three times the average concentration 1 units,

specified.
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(vL) Variances from concentration limits specified will be pcnTiitteJ

only if the contributing source is non-con tro liable or a natural
source. Best available tieatment must be provided for man-made
discharges, raid tJie exposure received by affected population
groups must bo within established dose limits.

(rj No wastes are to be discharged and no activities conducted which,

either alone or in combination with other wastes or activities, will

result in the dissolved gas content relative to the water surface to

exceed 110 percent of saturation.

(s) Bioassay median tolerance concentrations are to be based on latest

available research results for the materials, by bioassay tests pro-
cctlures for simulating actual stream conditions as set forth in the
latest edition of Standard Methods for the Examination of Water and
Wastewater published by the American Public Health Association, or in

accordance with tests or analytical procedures that have been found to
be equal or more applicable by EPA. Bioassay studies are to be made
using the most sensitive local species and life stages of economic or
ecological importance; provided other species whose relative sensitivity
is known may be used when there is difficulty in providing the most
sensitive species in sufficient numbers.

When specific application factors are not available, the factor
is to be determined by usijig methods listed in Water Quality Criteria
published by the Federal Water Pollution Control Administration (1968),
or by using other methods accepted as equal or applicable by EPA.

(t) Metal Ihnits for the Clark Fork River (mainstem) from the confluence
of Warm Springs Creek to the confluence with Cottonwood Creek are:

Average Daily Con- Maximun 1 nstantaneous
Material centration ug/1 Concentration ug/1

Total copper 90 180
Dissolved copper 50 40
Total zinc 300 1,000
Dissolved zinc 80 140
Total iron 1,300 2,200
Dissolved iron 150 160
Total lead 100 100
Dissolved lead 100 100
Total cadmiun 10 10
Total arsenic 10 16
Total mercury 1 1

Metal limits for Clark Fork River (mainstem) from the confluence of
(.ottonwood Creek to the Idaho state line are:
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Material

Average Daily Con-
centration ug/1

Maximum Instantaneous
Concentration ug/1

Total copper 50 90

Dissolved copper 30 30

Total zinc 100 200

Dissolved zinc 70 80

Total iron 300 1,300

Dissolved iron ISO 150

Total lead 50 50

Dissolved lead 50 50

Total cadmium 10 10

Total arsenic 10 10

Total mercury 1 1

{History: Sec. 69-4814, R.C.M. 1947; ^Sec. 69-4808 . 2 (1) (b)

,

R.C.M. 1947; Order MAC No. 16-1; Adp. 12/31/72; Eff. 12/31/72;

AMD, MAC Notice No. 16-2-3, Order MAC No* 16-2-5; Adp. 7/13/73;

EfT 11/4/73; PRIOR p. 16-375; AMD, MAC Notice No. 16-2-31;

Ord4r MAC NO. 16-2-11; Adp. 7/1^4; Eff. 9/5/74; PRIOR p.

16-387, 391, 393, 393.1, 393.4.).
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Al^PENDlX 1)

GLOSSARY

Symbul Daf inition

BOD5
c Cs

J-pcd

r,pd

p.pm

JTU
lbs/ capita/ day-

lbs/ day

ini

mp,d

r.ip/1

sq . ft.

TR
tpd
nhos

<

Five-day biochemical demand

Cubic feet per second

Gallons per capita per day

Gallons per day

Gallons per minute
Jackson turbidity unit

Pounds per capita per day

Pounds per day
Milliliter
Million gallons per day

Milligrams per liter

Square feet

Total recoverable
Tons per day
Hicromhos per centimeter

Less tiian

iL Less than or equal to

> Greater than or equal to

bPT

\;qb

Approximately
Best practical treatment

Montana Department of Health Environmental

Sciences, Environmental Sciences Division,

L'ater Quality Bureau

F h G

MURES

Fish and Game^ Montana Department of
Montana Department of Health & Environmental

Sciences

t-EPDES

NPUES
BuRec
EPA
NOA.\

Montana Pollutant Discharge Elimination System

National Pollutant Discharge Elimination System

Bureau of P^.eclamation

U. S. Environmental Protection Agency

National Oceanographic and Atmospheric
Administration

scs U. S. Department of Agriculture, Soil Con-

servation Service.

USGS
USPHS

U. S. Geological Survey

EL S. Public Health Service

- 177 -



13N

MIDDLE YELLOWSTONE
RIVER BASIN

27E

I



V,

II

WATER QUALITY BUREAU

STATE DEPARTMENT OF HEALTH

AND ENVIRONMENTAL SCIENCES

EXPLANATION
PAVED ROADS

_ UNIMPROVED ROADS
railroads
STATE BOUNDARY
county boundary
perennial stream

’a" wZtEF^^ QUALITY^SAMm SITE

^ STREAM FLOW GASING STATION

S IIwAGE TREATMENT PLANT

n SEWASE TREATMENT LAGOON

a WATER TREATMENT PLANT

^ industrial water discharge

6 e 10

_*—^—

I

NOTE: THIS MAP WAS COMPILED
FROM THE MONTANA
STATE highway DEPARTMENT
COUNTY MAP SHEETS

f*








